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Preface

In this thesis, we analyzed the effect an error velocity has

on the terminal hyperbolic transfer trajectory in the planet's local

gravity field. Based on this analysis, the number, direction,

magnitude and position of the correction impulses which optimally guide

the space vehicle to a predetermined circular parking orbit was de-

termined. Two approaches were used: (1) a fixed orbital radius;

(2) an allowable variation of orbital radii over a specified range.

Several techniques were used to make the study, but two deserve

particular note. One technique used was a forced geometrical correction

sequence developed by our advisor, Dr. C. A. Traenkle, and the second

technique was dynamic programming which was developed by R. E. Bellman

of the Rand Corporation. The results of this thesis bore out the

general validity of Dr. Traenkle's approach.

We wish to acknowledge our indebtedness to our advisor, Dr. C. A.

Traenkle, for the guidance he so willingly gave us. Working under him

was a most rewarding experience. Special thanks are due our faculty

advisor, Dr. W. L. Lehmann, for the suggested changes which improved

the readability of our thesis. inally, but by no means least, we

thank our wives for the thankless task of typing our rough draft.

James E. Punk

George R. Hennig
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Abstract

The effect an error velocity has on the hyperbolic transfer

trajectory in the planet's local gravity field is investigated. The

number, direction, magnitude and position of the correction impulses

which optimally guide the spacecraft to a circular parking orbit is

determined. The two approaches used are: (1) a fixed and pre-

determined orbital radius; (2) an allowable variation of orbital

radii over a specified range. Forced geometric and dynamic programming

correction sequences analyses are used. The results prove a geo-

metrical correction sequence to be optimum. The corrective velocity

sum is alw s less than 5% of the basic velocity sum.

ix
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I. Introducttion

In the last few years, space travel and exploration have become

very prominent in national effort. As the early space flights have

shown, there is a great need for improved accurao' in space naviga-

tion. This problem is a difficult one on which much work is being done.

This problem erea may be subdivided into smaller study areas. In the

realm of interplanetary space travel and exploration, three such sub-

divisions are the launch phase, mid-course phase and the terminal phase.

In order for a mission to be successful, all three of these phases must

be adequately completed. To study ell three phases in one paper would

be too large a topic for a thorough investigation. This thesis, there-

fore, will deal only with the latter topic, the terminal phase.

Statement of the Problem

The specific problem of this thesis is to determine the umuber,

position, magnituAe, and direction of the corrections to make to a ter-

minal trajectory to reach the final circular orbital trajectory with a

minimum expenditure of propulsive energ. The trajectory must start at

the sphere of influence * and end on the circular orbit of predetermined

* The sphere of influence Is defined later in the chapter; however,

it will suffice now to know that it defines the maximum range from the

target planet at which the terminal phase of flight begins.
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radius from the terminal planet. The change from the blperbolic trans-

for trajectory to the circular orbital trajectory will always be made

at pericenter of the hyperbolic transfer trajectory.

Methods of Approach to the Problem

Two different approaches to the problem will be taken in this

thesis. In Part I, the correction sequence will always correct to a

reference trajectory that will guide the spacecraft to a predetermined

and fixed circular orbital trajectory. In Part II, the correction se-

quence will correct to a trajectory that will guide the spacecraft to a

circular orbital trajectory whose radius may vary over a specified range.

In Part I, two different analysis techniques are used, one of which

was developed by Dr. C. A. Traenkle of the Aeronautical Research Labor-

atory at Wright-Patterson Air Force Base. The second. technique, which

is also used in Part II, is dynamic programming (introduced by R. S.

Bellman of the Rand Corporation) which is a method of optimisation by

digital computer (Ref 1). Dynamic programing is a very sophisticatr

trial-and-error method of solution. This method has been applied to

mazw different types of optimisation problems and has been shown to give

solutions where classical calculus of variations failed. Details of the

method as it applies to this problem are given in the analysis in Part II.

Two supplementary analyses are made, one in each Part I and Part II.

In Part I, a study is made on the position and velocity error at the sphere

of influence due to an error velocity at injection. In Part II, a supple-

mentary method of studying the effects of errors on trajectory parameters

2
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is described; it i a study by linear petxurbation analysis.

Variables Considered in the Error Aalyses

In this thesis, the multi-variable problem is divided into a

number of single variable problems, so that the individual effect of

each variable on the total propulsive energy can be determined. The

different variables investigated are listed below; however, they are

not necessarily investigated in this order.

1. The radius of the final orbit

2. The angle between the initial velocity vector and the radius

vector reversed ( , path angle)

3. The magnitude of the initial velocity

4. Small deviations from the reference trajectory

5. Small deviations in the required corrective imqplse

6. The umber of corrections

7. The distance from the planet for a particular correction

3asic Assumptions

In order to solve the problem as outlined, three basic assumptions

are made. Since the entire flight regime in which the space vehicle

trarels has extremely little atmospheric drag and since the target

planet is the predominant source of the force field, the restricted

tvo-body equations of motion are used. The second assumption, which is

implied in the two-body equations of motion, is that the force field

originates from a point source or that the density of the target planet

is a function of the radius only. The third assimption is enact know-

3
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ledge of the position vector and the velocity vector at any point on

trajectory.

Sphere of Influence

in the solution of the restricted three-body problem, there are

two collinear libration points lying on the exit joining the planet

and the prima y attraction body, which in these cases is the sun.

These two points which lie approximately equidistant on either side

of the planet define the diameter of the sphere of influence (Ref 4:7.5).

This sphere, therefore, defines the outer boundary of the local gravity

field. The gravity field at this boundary is not a central force field,

but is directed normal to the collinear xis; however, it does converge

quite rapidly to a central Zorce field. This choice for the sphere of

influence is admittedly arbitrary, but it still represents a reasonable

selection.

Tolerance Criteria

Before the development and analysis is made on this thesis problem,

a criteria =at be established which will define tolerable increases to

the basic velocity sum. Hopefully, the increase propellant requirement

for corrective maneuvers should not exceed five percent of the basic

velocity au. The results of this study bore out all our expectations.

In every case the increase requirement was less than five percent and,

in many cases, much less.



G/Phys/63- 5,6

PART I

II. Initial Conditions

The Two Orbital Radii

In this part of the thesis, the analysis will include two cases for

each initial condition, namely the close orbital radius and the optimum

orbital radius for the circular parking orbit. The close orbital radius

is arbitrarily chosen as 1.1 times the planet's surface radius for the

Venusian and Martian cases. This value should keep the space vehicle

outside the sensible atmosphere. When the analysis is. on the return

trip to Earth, the close orbital radius is arbitrarily chosen as 6690 km

which gives approximately a 300 km altitude. The optimum orbital radius

is that radius at which the smallest velocity impulse is required to

change the trajectory from a hyperbolic transfer to a circular orbital

trajectory. It can be calculated from initial conditions; the mathe-

matical development follows: In the following development, the subscript

W is for the sphere of influence and the subscript INF is for

infinity. The kinetic energy for a hyperbolic trajectory in restricted

two-body motion mq be expressed as

+r a()

At the sphere of influence

E - - CN7W' (2)

(E

5
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VeA,(o. dsimce t) (~

The energy equation may now be written as

and at pericenter

Vz Vqc (V IM (6)

In order to go into a circular orbit at pericenter, a velocity impulse

must be applied to slow the vehicle to a circular orbital velocity. Since

VCa'- (7)

To find the minimum A 4, the derivative of UVp with respect to V,, c 0p)

is set equal to zero. Vese(i?) is the only variable since VeaIr is

fixed for any initial condition.

V-90= 9 cA (10)

Ve%) = -[V..()+VbJ1)

6
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2

%,,.(rP)- = W, (13)

Now substitute Vr(r)= V, into the equation for AV
.2 + = V., " "  1 1 (14

-6 V?, [,.II - r'y J,,, =: X V,, ¢ P

The hyperbolic velocity at pericenter is equal to Which

when substituted into the energy equation defines the orbital radius (Ref

2:7)

2V, ;.. + V2, (15)

or

2 (16)

Initial Conditions to be Studied

In order to ease a correlation of the results of this thesis with

the results of studies on general intersecting reflection trajectories,

the initial conditions chosen vill be of several class types of reflec-

tion trajectories for Venus and Mars. Four types of reflection trajec-

tonies will be chosen for each of the two planets. Each of these four

types will be analysed for both the optimal and close orbital trajec-

tories at both the planets (Vems ad Mars) and Earth. The particular

ones chosen are those as defined in reference 2. For the planet Vems,

the four trajectory types w-e: (1) Hohmann, (2) class A, (3) class C,

(Ii) class D. For Mars the trajectory types are: (1) Hobmann, (2)

class A (3) class 3, (4) class C. The Iohmann transfer trajectory is

7
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classic and in the minimum energy transfer where the orbit is tangent to

both the earth's orbit and the target planet's orbit. A class A trajec-

tory has the same energy content as the Hohmann, but the trajectory is

nowhere tangent to either orbits Ri or R . A class B trajectory has

an semi-major axis equal toRa . A class C trajectory is tangent to only

orbitR I and a class D trajectory is tangent to only orbit Rt . In

Appendix A, the trajectory classes are designated in the code Class

El---O.O---A or Class IJ---O.O---C. The last letter is the clams desig-

nation and the other items further classify the trajectories. The further

classification is of no significance to the analysis of this thesis and

the reader may read Ref 2 for further clarification of this terminology.

It was included in order to simplify any cross check of the input data.

Tables 1 and 2 (Ref 3,table 3) below list the input data in which the

velocities were normalized with respect to the earth' s orbital velocity

(29.8 km/sec) and the distances were normalised with respect to the

target planets a mean radius. The constants for the earth are:

=6370~m kM Zs 23f, ~J3 9 C1000 A/.9

The AV, listed in these two tables are the values of the relative vel-

ocity of the spacecraft with respect to the Earth for each transfer

trajectory type. The Vs are the relative velocities of the spacecraft

with respect to the target planet. The sam of M% endhV),which is the

basic velocity correction sums , j is the mount required to change from

the Earth' s orbit to the transfer trajectory and to change from the transfer

trajectory to the target planet's orbit (or vice versa). This velocity sum,
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however, neglects the energy required to escape from the local gravity

field. Therefore, any percentage comparison of the corrective velocity

maneuvers to this basic velocity sum will be a conservative figpre.

Table I

Initial Conditions for Venusian Trajectories

r1=,/ri--m, r. s a32'OOD k,/c

Class ,AV

H 0.085 0.093 0.179

A 0.191 0.237 0.429

C 0.2o8 o.443 o.651

D o.21 0.127 0.345

Table II

Initial Condition. for ,artian Trajectories

r,= 337 kM, . 321.1, /= 321/oo ',,,s.c1
Cla4ss A V, &9

R 0.099 0.089 0.18

A 0.305 0.229 0.534

3 0.301 0.338 0.639

G 0.355 0.605 0.960

-9
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III. _Mquations of Motion and Error Analysis

Change from Absolute to Relative Motion

To calculate the initial conditions used in this thesis, the rela-

tive motion of the spacecraft with respect to the target planet must be

determined. Fig. I shows a general intersecting transfer trajectory

where the planets and the sun

are assumed point masses. If

one assumed that the planet's

mass were non emistant, the

intersection between the , V it

transfer trajectory and the

target planet's orbit would

represent the collision of

the space vehicle and the R1 $Uf/

planet. The velocity of

these two bodies is easily 1 -

calculated. In turn, the aF

relative motion between these

two bodies is also easily

derived. Since the sphere of influence is quite small in Reliocentric

space, the velocity vectors of the spacecraft and the planet vary very

little at the point the spacecraft enters the sphere of influence from

the hypothetical intersection of the two trajectories. Therefore, with

very little error, the relative velocity of the spacecraft with respect

to the target planet is known at the point the spacecraft enters the

10
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sphere of influence. What is not immediately obvious, however, is the

importance of where the space vehicle enters the sphere of influence.

Fig. 2 shows the space vehicle entering the sphere of influence at two

different points which

are very close in Helio- C

centric apace. If the

spacecraft enters atVCA

point A, very little or VA
possibly no corrective

imp lse would be required

for a successful terminal

trajectory. If the space-

craft enters at point B,

however, the relative

motion is such that the SPHERE OF INFLUNWCE ,7"-,CEpr

spacecraft is traveling

away from the target planet

before interception even occurred. Only b a large corrective impulse

could the space vehicle be directed towards the planet. In any case

where 90(0< 2700, the penetration of the sphere of influence would be

momentary; therefore, the closest point of approach to the planet would

be equal to the radius of the sphere of influence. For all practical

purposes, such an interception would be a complete miss. The

11



GA/Phys/63-5, 6

analysis of the corrective maneuver will be limited to cases where

- CIO*.!- + 10°  .

Reference TraJectory Parameters

Por any given velocity magnitude, there is only one hyperbolic

transfer trajectory that will guide the space vehicle to a desired peri-

center distance, which has already been chosen since the pericenter

distance must equal the circular parking orbital radius. Since there

are two different desired orbital radii (close and optimal), the devel-

opment of the trajectory parameters will be general and referred to as

the reference parameters. The close and optimal cases will be special

cases of the reference trajectory.

Since the velocity at the sphere of influence is known, the energy

of the hyperbolic trajectory can be calculated from the equation

E ' = - - = CoNsr9,vr" (17)

At infinity, r is infinite and

VZ = 2EqR(8

Therefore, the optimal orbital radius is equal to

= (19)

To repeat, the close orbital radius is either /./'P, for Venus and Mars

or 6690 km for Earth. Since the energy is constant, a is also constant

I ;(20)

aI Q (21)

12
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Now, for a hyperbolic trajectory

= a Ce-,) (22)

therefore,

e - -(23)

Also

CI L ftC ] (25)

Now at pericenter, the Sif9I,/ and

V2 :f4~ 2J5 (26)

Since

h = rxVx 5,n# (27)

hr =/xV/ R (2)

Now the circular orbital velocity is

(VC)2 4 (29)

and the velocity impulse needed to chamge from a hyperbolic trajectory to

the circular parking orbit in

LW/ 1 (30)

Therefore, if the aagnitude of the velocity at the sphere of influence

and the circular orbital radius is known all the reference trajectory

parameters are easily calculated. Also, the reference velocity and the

13
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associated angle at any distance r can be calculated by

CI) ~9A(- + 7"2 (31)

Otr) arcsIt, - 4o (32)

r 7)z

With these equations, any parameter of the reference trajectory at any

distance r from the planet can easily be calculated and it will be

assumed that this knowledge is known for the two trajectory types (close

and optimal) from hence on.

Rotating Co-ordinate System

Since the object of the terminal maneuvers is to direct the space-

craft into a circular parking orbit by an applied velocity impulse at

pericenter of the hyperbolic transfer trajectory, the angular position

of pericenter is unimportant. The only requirement, therefore, is to

guide the space vehicle to the pericenter distance which equals the

parking orbital radius. If the spacecraft followed the reference hyper-

bolic trajectory all the way in, it would be at the proper distance

when it arrived at pericenter. If, however, the space vehicle deviated

from this reference trajectory, it would no longer arrive at the pre-

designated pericenter distance. At some point on the inbound leg, then,

a corrective velocity impulse must be applied to properly guide the

spacecraft to the desired pericenter distance. The absolute location

of this pericenter, however, would rotate through and angle (0 (see

Pig. 3). The absolute location of pericenter is of no consequence and,
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SV

Fis. 3

INOUAo EaoR AWA L)SIf

since pericenter is at the desired distance from the planet, the ter-

minal maneuver would be completely successful. In the analysis to fol-

low, the corrective maneuvers will always be to redirect the velocity

vector to the reference velocity vector.

3ffect of Error Velocity

If the velocity is in error with respect to the reference velocity,

the error may be expressed as some SV from the reference velocity

(Fig. 4). This error velocity may also be written as components longi-

tudinal and transverse with respect to the reference velocity. The two

limiting oases, therefore, would be when the error velocity is all Ion,

gitudinal or all transverse. The effect of the longitudinal and cross

(transverse) error velooities will now be investigated.

15
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The error velocity must be vector-
bV

ally added to the reference velocity in V

order to determine the actual velocity

vector. For the longitudinal case, V yR

and are FIG. 4
ERROR VaLocryI

V :V"#SV (33)

0 0"(314)

For the transverse case, V and 0 are

V : (v9 ,(&v)Y' (35)

~A+ thi*M V (36)

With these two sets of equations, the resuitant velocity can always be

calculated at any r , since the reference values are known for any r.

Since the velocity vector and A at some r are no longer the reference

values, the trajectory parameters have also changed. Re-writing the en-

ergy equation, a new a. can be computed

v '/" ( - _ -_ (37)

rV" - 21A (3S)

Continuing the computation

h rVxs,90 (39)

16
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Since

b = IeA - (142)

and

L A +(143)

low the radial deviation of the pericenter distance with respect to the

reference trajectories pericenter distance is

Sr. r?- / 11(145)

Only the magaitude of the difference of the radial pericenter distances is

important, since the mission's end result is to orbit the planet at the

chosen radius.

Magitude of Zrror Velocity

To analyze the macnitude of the pericenter miss distance some max-

imuim value of error velocity met be chosen. This value must liberally

exceed the tolerance capability of rocket sstems yet must not be too

large to produce non-linear results. A maximum error velocity of two

one-thousandths of the earth's orbital velocity should be very suitable

17
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(Ref 5:7). Statistically, the root-mean-square of the maximum is the

best choice for an average error. The average error velocity used in

the following analysis, therefore, is

$V 0.00/y/ (46)

~V '4/2m/ec (4+7)

Sphere of Influence Entry Error Analysis

When the reference trajectory parameters were derived, only the

magnitude of the relative velocity was used in the computation. It was

assumed (though not explicitly stated) that the velocity vector had the

required direction. If the direction of rotation about the target planet

is immaterial, there are only two points the spacecraft may enter the

sphere of influence (in two-dimensional motion). In this analysis, how-

ever, counter-clockwise rotation will be required and only the one where

0 is positive is acceptable (positive # is clockwise).

At the sphere of influence, the angle is very nearly equal to

d=o (48)

Since & is a constant for any particular planet, the value of b may

represent the collision parameter where 6* would be the required value.

As A, is restricted to lie between -90 and 900 for a useful intercept

of the sphere of influence, only this range will be investigated.

Since 4, and V are known

h4 f V ' . (4+9)h R 8
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E ( - (50)?_ ra
b As (51)

The ratio 6 indicates the magnitude by which the collision parameter

was missed. The velocity correction needed to redirect the velocity

vector in the required direction may be calculated by

~V. ~ ~ 7 m V cs# aeS. 0 (52)

For this analysis, only eight solutions were calculated where 0 rarie;.!

from -900 to+ 900 in 100 incriments. The eight cases were:

Venus---Hohmann, OPT---class A, OPT---class C, Close---class D, OPT

Mare----Hohmann, OPT---class A, Close-class 3, Close---class C, Close

Longitudinal and Transverse Error VelocitZ Analysis

To compae the effects of the longitudinal and transverse error

velocities, twenty-eight test solutions were run. The S was calcu-

lated for each case at five range incriments,

for both the longitudinal and cross velocity errors. The results in each

case lead to the same conclusion: the transverse error velocity ceased

mch lager mims distances than the same magnitude longitudinal error

velocity. In 19 out of the 29 cases for r-r. the crone error velocity

caused over 100 times the miss distance than the longitudinal error

velocity. At this same range, the closest that the ratio came to unity

was for the Venus trajectory-clas H-OPT--where the transverse error

19
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effect was only 18.5 times as great. At the range closest to pern-

center distance, r , in 18 out of the 29 cases the cross error veloci-

ty caused over 25 times the miss distance than the longitudinal error.

Again, the Venus trajectory -- class K-OPT-- resulted in the closest ra-

tio. This time, the transverse error velocity caused about 7 times the

miss distance than the longitudinal velocity error. The data in Appen-

dix A contains the results for all 29 cases. Since the optimuzt orbital

radius for Venus class C and Mars classes A, 2, and C were less than the

respective planet's radius, only the close orbital radius trajectories

were investigated. (This exclusion is true throughout the thesis).

Error Analysis Assumptions

To transform the Stp to a miss distance per unit error velocity, 1r

is divided by the error velocity, CV. This new value is termed 9 .

To think in reverse, Q could also be the value a unit corrective impulse

would change the pericenter distance. Since a transverse error velocity

had such a predominant effect on pericenter distance compared to the

longitudinal error, the t for the transverse case will be equally pre-

dominant over the p for the longitudinal case. Therefore, any corrective

velocity impulse would be most effectively applied transverse to the de-

sired reference velocity. From here on, all corrective impulses will be

applied transversely to the reference velocity vector.

A very basic change in thinking must now take place. Up to this

point in the analysis, an error velocity was applied to the reference

velocity and the resulting miss distance was calculated. Now, for any
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given miss distance which resulted from some error velocity, a correo-

tive impulse may be applied at any 1" to correct for this miss distance.

Therefore, not only represents the effect of a unit error velocity on

pericenter distance but also represents the effect of a unit corrective

impulse on pericenter distance.

In order to distinguish between error velocities and corrective

velocity impulses, from here on the error velocity will be desigmated

with an f superscript 3 SVF . The corrective impulse will be without

any superscript. Also, the error velocity will always be a constant

value no matter where it occurs In the trajectory.

Constant Maitude Corrective Impulse Error Analysis*

First of all, three new terms uhich will be used in the error anal-

ysis mst be defined. The reduction factor, q, is defined IV the

equation

lk= offf"~~r i Specif* s At iv, ~Fe ,,e.6o, (514)

The reduction factor, therefore, indicates the reduced effect a unit error

velocity has on the pericenter distance as the range decreases. The re-

duction number, K, is the fractional amount that the reduction factor is

reduced between aw two correction positions. The third term is the

mag ification aumber, a, which is just the inverse of K

* This analysis was taken from a lecture series presented by Dr.

0. A. Traenkle in April 1963 at the Air Jorce Institute of Technology,

Wright-Patterson A7E, Ohio.
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Of particular interest in this analysis will be the final values (at

the last correction position before pericenter) of q and m which will

be designated 17 the eabscript F.

For a given error velocity at the sphere of influence the pericen-

ter miss distance is

s ;* <a)=isv (56)

At some range closer to the planet, a corrective impulse is made to

correct for the error

S :V = A (57)

However, the correction velocity S is not completely accurate and may

be in error by 6 V8. The new miss distance is

rp )= e., SVI (58)
To have a constant magnitude corrective impulse, the next correction

velocity must equal

Sk = SVI(59)

6V = rg ,1 =  -&L '= K @ " (o

and 1, therefore, must be a constant. Again the miss distance has been

reduced and equals

6 r, 2) = P, s w(61)
The total reduction in the miss distance from the original error at the

sphere of influence is

S (62)
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If this sequence is continued up to n corrections, each
I

' (63)

The mum of the squares of the $V(" is

or

, - (65)

As a result of the n corrections, the final mins distance had been

reduced to

Q A.{, 4 ,- (66)

or K (67)

The sum , , therefore, is

For any given tolerance on the pericenter miss distance, QF and Mr

are known values and a minimum can be found. For a ten percent

tolerance in altitude

o = iM r -
(/

To find the minimum velocity sum, first take the natural logarithm of

both sides; then take the derivitive with respect to n and set it equal

to zero.

X7 /(n)+ .q(
/ a (70)

J(71)
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? = 2 A/(m, (72)

To check for a minimum
/,il In. +- -L + I/(f-,) (73)

(7bsti3tute (71) 10(73)

d '[s = -/ + > (74~)

Therefore, n gives the minimum value and is the optimum number of

correct ions.

1?* = a '- (75)

Variable Magnitude Corrective Impulse Error Analysis

In the previous error analysis, the fact that K remained a constant

predetermined the magnitude of Se for any given n. If K were to vary,

there would be no way to know what the magnitude of the corrective im-

pulses would be by Just knowing n. In this analysis, K will be allowed

to vary as well as the number of corrections. A very simple form of

Dynamic Programming will be employed in this digital computer analysis

(see program 3 for the complete program).

Again, %r prescribing a miss distance tolerance, QF is known and

with this value, the range to the last correction position can be read

from a graph of Q, vs range (see Fig 16 for an example plot). The

distance between this final range and the sphere of influence is divided

equally, into 500 range positions

,¢ = + ',, fo wher S=;...soo (76)
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Now for each of theme range positions 4 is calculated and stored in

the computer memory. Since i is now known, the square of K at

any re due to an error at r is calculated and stored in the computer

memory (DDV(J) in the program).

If only one correction is made, It mast be done at . if the

tolerance is to be met. If two or more corrections are made, the last

correction must be made at r, , but all the others may be optimized over

the range of correction position. In this analysis, the maximum number

of corrections is 15. The computer program will find the optimum number

of corrections between 1 and 15 and the ranges at which the corrections

are made.

Fig. 5 (nezt page) is the flow diagram for the optimization portion

of the computer program. The values of R and DDV(J) were calculated

and stored prior to entering this portion of the program. The portion

of the program which follows what i in 7ig. 5 is the computations of

the time intervals from each correction position to pericenter for the

optimum case only. This analysis is the optimization of the root mean

square of the velocity corrections. Since the computer time required

for each initial condition was approximately nine minutes, only six

solutions were run. These were:

Hars-Hohmann (1) optimum
(2) close

Venus-claus A (3) optimum
(4) close

Mars-Return-claus A (5) optimum
(6) close
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Time to Pericenter

Since a finite time period will be necessary to make position

measurements, some check must be made on the time interval between

correction positions. Since all the trajectory parameters are known,

the Keplerian time equation is readily solved. If r is known the

from which 7 and siniF can be solved. The time to pericenter, then,

is

£ prl ihF-F where 7 ,; y="snhF-F] (78)

Once the times to pericenter are known for each correction position,

the time between positions is easily calculated. Since r was not am-

plicitly determined in the solutions for the constant magnitude cor-

rective impulses, these values must be taken from the f4 vs range plots.

La will be noted later in the discussion and results, the q vs range

plots were very nearly straight line functions with a slope equal to

rm' • As all the solutions were calcalated on a digital computer,

this simplifying assumption wam used in the calculation of r for the

time equations for the constant magnitude corrective impulse analysis.

ri =4011 * 40 -re)If () i(79)

In the variable magnitude corrective impulse analysis, r was explicitly

known and no approximation of its value had to be made for the time

equat ion solutions.
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Outbound Error Analsis

When the mission at the target planet has been completed, injection

into the byperbolic escape trajectory mast be initiated. It will be

assumed that the point of injection is known. The analysis, therefore,

will be on the effect of an improper injection impulse. As in the in-

bound trajectory analysis, the idea of an error velocity will be used.

In this outbound error analysis, no correction impulses will be applied

to the spacecraft; the study will be on the resultant error velocity and

position error at the sphere of influence. Since the return trajectory

is the reflection of the trajectory to the target planet, the same

magnitude of relative velocity is required at the sphere of influence

that existed on the inbound trajectory. Therefore, the reference semi-

major axis is known. It assumed that the circular orbital radius is

known to the spacecraft crew.

Since a A and r are known

e A A +I (so)

ve PA +(82)

h rVP (83)

At the sphere of influence 14 is known and $, can be calculated by

The error velocity at pericenter mast be added vectorally to the refer-

ence velocity, V Let Y be the angle between these two velocity
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vectors (clockwise rotation is positive) and the resultant velocity

vector in component form would be

V +f SV'c r " (longitudinal component) (85)

S V.0 i (transverse component) (96)

Due to the error velocity, the actual at pericenter is

OP = 90° + VA IL] (87)
Since V and O are known, the resultant trajectory parameters can be

calculated

a (88)

At the sphere of influence

v.[ 1 + - (90)

0. -(91)

The change in 0 is

SLs (92)

There are two other considerations, however, that effect the resultant

velocity error at the sphere of influence even more. Any cross compo-

nent of the error velocity will rotate the location of pericenter. Any

longitudinal component of error velocity will change the curvature of

the trajectory. These two effects mSt be included in the analysis.

lor an error velocity as shown in Fig. 6 the cross component causes the

pericenter to rotate through an angle (A).
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6sr.

Oursomwi Efit*A ANA'.rsts

Since

Cos 4) kf~
The true anomalies for both the reference and the actual trajectories

at the sphere of influence ar

cWW f (90,
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S

r.;

Ounvaovi ERoe ANA Yglt

since

Cos L#:
The truae anomalies for both the reference and the actual trajectories

at the sphere of influence are

cot fa --

car
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The components of the resultant error velocity at the sphere of influ-

ence are

v, -. c,, - (longitudinal component) (97)

=V. SIM-( (transverse component) (98)

and the components of the position error are

0? (In , .) = r. (cos i f -) (longitudinal component) (99)

Sr.(* r.) "--- r. son Sf (transverse component) (100)

vhere, Cf ande are

If 6V i(trOMS)< 0 then S f and A = 6f + 6 (101)

if S(front)= 0 then afd a( =aife+n,~(102)

If j ,- ,ta ) 0 then 9 f. + W f. and .A if +6 0. (103)
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Part II

IV. Optimum 2-Stage Trajectory Problem

Purpose

The purpose of this problem is two-fold: (1) to determine a more

optimum reference trajectory than the fixed reference trajectory de-

scribed in the previous sections, and (2) to compare the results with

those obtained previously to see if there is an appreciable decrease

in the total impulse required.

Theory of Corrections

The reference trajectory used previously was the theoretical

optimum trajectory for a one-stage correction. (Throughout the follow-

ing sections this trajectory is referred to as the theoretical optimum

trajectory.) When there was an error, all corrections were made in an

attempt to attain the theoretical trajectory again. However, this

required additional impulse. Theoretically, there should be some tra-

jectory lying between the reference trajectory and the error trajectory

where the combination of two impulses (one at orbit and one at the sphere

of influence) is a minimum. This follows from the fact that as the im-

pulse at the sphere of influence is increased to bring the trajectory

closer to the reference trajectory the impulse needed at the orbit de-

creases. At some intermediate trajectory the trade-off between the two

impulses will give an optim value. This value and its corresponding

trajectory is what this problem seeks to determine.

Asuwptions

The specific assumptions which are made in the following analysis
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are:

Orbital Range. A range of acceptable orbital radii will be allowed;

this can be specified as input to the computer pro.ram. For a specific

analysis in this thesis, 1.1 to 6.1 times the surface radius of the target

planet is the allowable range.

Corrections. Only two corrections are made. The first is made at

the sphere of influence toward the theoretical optimum trajectory, but a

variety of magnitudes and directions of the impulse are allowed (this is

explained in detail later, see pg. 39). The second correction is always

made tangentially to the path at the pericenter of the resulting

trajectory.

Errors. No errors are made in the corrections. This of course is

not a realistic assumption, but since the analysis is intended only to

give a comparison of the two methods of correction, if both are compared

on the no-correction-error basis, the comparison should be valid.

Further analysis of the effects of errors is given in Program 8.

Type of Trajectories. Only hyperbolic trajectories are analyzed

between the sphere of influence and the orbit. The magnitude of the

impulse required at the sphere of influence to reduce the trajectory to

the parabolic energy level would be nearly the initial velocity, and an

additional impulse would be required at orbit. However, the impulse re-

quired for the reference trajectory is only approximately .707 times the

initial velocity, and small errors from the reference trajectory were

anticipated to increase the total impulse IW only a small percentage

(this was borne out by the results). Therefore, any application of im-
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pulse that reduces the trajectory to less than hyperbolic energy levels

is bound to exceed the optimum value. The orbit is always circular and

of radius equal to the pericenter distance of the transitional hyperbolic

path.

Basic Equations

The basic equation used have been given previously, but they are

repeated here for comparison with their normalized forms, which are used

in the computed programs. The normalizations used are a localized system

where distances are divided by the surface radius of the target planet,

and the velocities are divided by the local circular velocity at the war-

face radius.

Circular Velocity. The circular velocity at any radius, r, is

whr V, R (on

Escape Velocity. The local escape velocity at any radius, r, is

S
v ,f j (105)

Kinetic ergr. The kinetic energy equation (per unit mass) in

terms of the radius, r, and the semi-minor axis of the hyperbola, a, is

VZ G(&g + _L wAers A=A
V" a A r (lo6)

Angular Momentum. The equation for constant angular momentum (per

unit mass) is

h =rVsn roV : H - RV :n = RoVo (107)

Total Energy. The equation of total energy (per unit mass) in terms

of kinetic and potential energy isF = V- G ^o
i+= E = - (109)

(l0



GA/Phys/63-5,6

Theoretical Optimum Trajectory. The theoretical optimum trajectory

parameters are

"a W 2: (109)

SVr,4w

VV r- V d . ,_ll)

Hyperbolic Parameters. Pertinent relationships of the hyperbolic

conic parameters are

L= _a L= A(e'-,= Hl (112)
G

Computer Program 7

The flow diagram for Program 7 is shown on page 36, and provides a

concise clear picture of how the program is constructed. The actual

program is more difficult to follow and is included in Appendix B .

I Data. The elements of data which are supplied to the program

as input data are as follows:

MEALD -- the heading for the problem

G -- the target planet's gravitational constant

V., -the initial velocity (velocity relative to the target planet

at the sphere of influence)

RN--the initial radius (radius of the sphere of influence)

R -- the target planet's surface radius

# -- the first trial path angle considered for an initial

condition
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AO--increment between path angles in the initial condition set

R,,--the first trial orbital radius

6RO N -- the increment between trial orbital radii

VC -- the circular velocity of the earth about the sun

V1r -- the radius of the earth

G.--the gravitational constant of the earth

OAV -- the initial value for the optimum sum storage cells

ICT -- the initial value for the iteration counter

NoRM I -- normalization indicator for input, NORM1,>O indicates

normalized. input

NORM2--normalization indicator for output, NOIRO,>O indicates

norma lized output

L -- number of initial condition sets

M -- number of radii in radius grid

N -the limiting number of iterations allowed in each loop

PCER -percentage of test value for convergence

RMAX -maimam allowable orbital radius

RM N -- minimum allowable orbital radius

DATA -- number of sets of data remaining after the one being

processed

This program allows two systems of input data: the primary one is a

normalized system and the other uses kilometers and seconds as units.

In the normalized system the planet constants are normalized with

respect to the earth constants:
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A r .
R( -_ i .eo 63 k.) ), (113)r. FE

Gr

V: -. (VE - z9.k/sea) . (115)

3ut, the local distances are normalized with respect to the surface radius

of the target planet:

IN 7a 'OXN -. (116)

All angles in the input and output are in degrees, but are converted in

the proLTam to radians for use in computer subroutines, and. are then re-

converted for output,

The input data from both systems it converted to a completely local-

ized system for computations. The latter system was explained previously

(see Pg. 34)and uses r. and VS as bases for normalized distances and.

velocities.

Theoretical Optimum Trajectory. The program computes and outputs

the results of the theoretical optimum trajectory calculations which

vere described in detail earlier (see pg. 5 ) and are not repeated here.

The impulse required for this trajectory is used as a standard of com-

parison for all other impulse sums. The AVIs are divided by this value

for output.

Iteration Principle. The calculations of the trajectory are made
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in reverse (as an outgoing trajectory) to obtain a simple iteration pro-

cedure. For each initial cordition the orbital radius and a velocity of

ejection from circular orbit are selected; the difference between the

chosen ejection velocity and the circular velocity is the impulse needed

at the orbit. Then the conditions for this particular trajectory at the

sphere of influence are calculated and compared with the initial conditions

given in the problem. The difference in velocity vectors is the velocity

necessary at the sphere of influence to attain the originally selected

orbit. The sum of the magnitudes of the impulses at the sphere of in-

fluence and at the orbit is the same for either the outgoing or the in-

coming trajectories; only the directions of application are different.

For each particular orbital radius chosen, a set, or grid, of ten

different ejection velocities is selected. The velocity grid is chosen

to span trajectories with energy contents of sligitly greater than para-

bolic to hyperbolic with a velocity VzN at infinity. Ay trajectory of

greater energy content than the later will certainly not be optimum,

since it would involve an addition of energ which would just have to be

countered during the orbital correction. Therefore, the optimum ejection

velocity for the particular radius chosen will certainly lie somewhere

within the grid. The calculations previously described for the sum of

impulse are made for each velocity of the grid. The velocity in the

grid corresponding to the minimum sam of impulses is used as the center

point for a new velocity with one-tenth the span of the first grid. The

process is repeated and the optimum point of the second grid is used as

a center point for the third grid, which has one-tenth the span of the
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second grid. This iteration process is repeated until successive

minimum impulse sums have converged to the desired accuracy. The

accuracy requirement is specified by input data. (0.01.,6 change was the

requirement for data in this thesis.) The final result is an optimum

impulse sum and corresponding ejection velocity.

If a desired orbital radius is specified for the trajectory, the

iteration process would be terminated at this point; however, if a range

of orbits is allowed, the above procedure is repeated for each of ten radii

in an orbital-radius grid. Each radius in the grid, which spans the

allowable radius range, will have an optimum impulse sum and corresponding

trajectory. There will be one radius that will correspond to the tra-

jectory having the overall minimum impulse sum. This radius is in turn

used as the center point for a second radius -7id with one-tenth the span

of the first. The radius-iteration process continues and is terminated

in the same manner as the velocity-iteration process was. The final re-

sult of the complete iteration process is an overall optimum impulse sum

and the corresponding orbital radius and ejection velocity. T , these

quantities any of the parameters of the optimum trajectory can be computed.

Iteration Calculations. The actual calculations for the iteration

processes are described briefly below. Hereafter, unless otherwise

specified, all velocities are locally normalized and the "''l has been

dropped.

A set of initial conditions at the sphere of influence is generated

by the program, where each condition has the same velocity magnitude but

a different path angle. The first condition has a path angle determined
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from input data:

Z4 (117)

Each successive angle is:

The radius grid is determined by input data which states the initial

orbital radius and the increment between grid radii. The computer com-

putes the grid accordingly; the first radius is

01.% ROZN (119)

and each successive radius is

The velocity grid is also determined from input information, the

initial velocity, and from the grid radius which is presently being con-

sidered (each different grid radius will have a different velocity grid).

The local escape velocity at the grid radius defines the lower limit of

the ejection velocity, as this corresponds to a parabolic trajectory.

VS= VP.1= Ft (121)

The ejection velocity necessary to give the vehicle a velocity of V.N

at infinity is

V= ;VrZ N 4- VP~f(22

since Vo=VpA e will give it a velocity equal to zero at infinity.

For ten equally spaced velocities, or nine increments, between the

two limits, the grid increment or change is

| m | | | | | | | | | | | | | | 41
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0 - PA (123)

To assure hyperbolic paths, the first grid point is taken slightly higter

than the parabolic velocity,

Vo = V a. + eCVo (124)

and each succesive velocity is greater than the previous by

4i- CV0  (125)

This means that the tenth velocity will be slightly greater than the

upper limit calculated before, but this is of little consequence, since

the main concern is that the grid span all velocities which might

possibly be the optimum.

Impulse-Sum Calculations. The order in which calculations are done

in the program is gverned by the parameters on which they depend. All

elements which can be determined from only the initial conditions are

calculated first, so that they will not be repeated many times in the

loops. Next, the elements involving the orbital radius are c, dated

so that they will not be repeated in the velocity loops. And finally the

calculations involving the velocities are made.

The potential energy at the sphere of influence is based only on the

initial radius: PE I/R,,

The circular velocity at orbit i based only on the orbital radius:
VC (I/ Rc),

Several calculations depend upon the selected ejection velocity. The

impulse at orbit is

. =(126)
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and the resulting trajectory parameters are
A a P -v

0

and
H Re V0  (128)

The conditions of the resulting trajectory at the sphere of influence

are v L+ZPE (129)

and arcsin(_ v) (130)

The impulse at the sphere of influence is determined IV trigonometric

rather than geometric relationships, since the gtometric cosine law in-

volves subtracting numbers of nearly equal magnitudes, and.therefore a

possibility of large errors. The change in path angle is AO =0' -# .

The longitudinal and cross components of the corrected velocity (see Fig.

9) are VL'=VC'36 and VP = Vs;,An .

r ',

VELOCiT-I.S AT THE
SPHERE oF INFLUEWCE

Then aVLG. =. N - VLQ and o :arc-6n(Vc/LbVO so that the

magnitude of the impulse at the sphere of influence is 6V= tvc/si~eI.
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The absolute value is taken so that all impulses are additive. The sign

is significant only for vector orientation. This is a necessary con-

sideration for determining the correction angle (see pe.47), but at the

present only the calculations are made which are necessary to find the

total sum of impulses for each case. The remaining parameters, such as

the correction angle, are calculated after the optimum trajectory has been

determined. This procedure eliminates the calculation of some parameters

for the nonoptimum cases.

Optimum Selection Procedure. The general optimum-selection procedure

is accomplished by comparing the most recent value of the impulse sum with

the optimum of all preceeding sums. If the recent value is less it re-

places the old optimum. Before the first calculation is made, a very

large number is placed in storage as the optimum value so that the first

sum is certain to be smaller, and hence be selected as the current

ont imum.

Since the optimum sums of consecutive iterations are used to test

convergence in the program, this optimum selection process must Ic, used

at four points: (1) the optimum-impulse sum for each velocity grid with

a specific R, is selected, (2) this is compared to "old optimum", which

is optinm for all previous &ride with the same Ro , (3) the "old

optimum" is checked against the 'subsequent optimum", which is the least

value for all velocity &rid of all previous orbital radii in the same

radius grid, and (4) the "subsequent optimum" is compared to the "pre-

vious optimum", which is the overall optimum for all previous radius

grids. Therefore, when the last set of R.'s have been analyzed, the
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value in the "previous optimum" storage position is the optimum value for

all trials. If a specific orbital radius were desired, the radius grid

could be eliminated (this can be done with this program by specifying

these inputs: AR--O and Ro,--- XM= , = and only the first two

optimum selection processes would be required. For a zero nRo , the

program will transfer the "old optimum" value to the "previous optimum"

storage position for output.

Convergence Test. The convergence test that is used to terminate the

iteration loops specifies a maximum percentage difference between con-

secutive optimum sums. The difference in sums must be less than the

specified percentage, which is based on the lower of the two sums, to

obtain geater convergence. In this thesis analysis 0.01; (or 0.0001)

was used as a convergence limit. A very small percentage was used since

the degree of convergence and the degree of error do not necessarily

correspond. For example: the true optimum value (if it were known)

might be 1.5772, while consecutive iterations yeilded 1.9000, 1,9000,

1.5500, 1.575, 1.5751, 1.5779, 1.5776, and 1.8776. Since the difference

between the last two values is less than 0.01% the computations would be

terminated, but the error would be greater than 0.01%. However, if the

computations were continued the true value might be obtained: 1.9774,

1.9773, 1.5773, and 1.8772. Even the fact that two consecutive values

correspond does not mean that the true optimum has been reached, since

the true value may lie approximately half way between the two.

In addition to the convergence test an iteration-count test is

used as a safeguard against indefinite looping if erroneous data is

145



GA/Phya/63-5, 6

picked up somewhere in the program. The limiting number of iterations

can be specified as inout data, N , and in this case 10 was used since

trial cases showed that normally no more than 4 or 5 loops were made for

necessary convergence.

Trajectory Calculations. After the optimum trajectory has been

selected, the trajectory parameters are recomputed, since only V and

R. of the optimum trajectory are stored during iterations. Although

it would be possible to store a table of all the trajectory parameters

for the optimum case, the many transfers of data into the table would

require more time and more storage space than just recomputing the few

parameters for the optitmum case.

After the parameters which were previously described are recomputed,

the correction angle is calculated. Special consideration of the cor-

rection is required since the 7090 Computer subroutine for the arctangvnt

yields only l s t and 4th quadrant anles (-I to +1? ), and the thetas in

the program may be in any of the four quadrants. Therefore, when AVLq'

is negative, pi is subtracted from theta to give the desired Tnd or 3 rd

quadrant angle. This is illustrated in Table III. Although adding pi

to theta would give an equivalent angle, it is subtracted here, since

theta is later subtracted during the calculation of psi:

0 = Y7 E - 4 (131)

My this convention psi will normally be less than pi in magnitude.

Output Data. All input data to the program is also written out in

the form in which it was entered; this provides a convenient reference

and a check on proper insertion of data. The remainder of the output
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data can be converted to either of the two systems of units described

for the input data. In normalized system, however, the &VS are

further normalized with respect to AV*. This expresses the impulses

as a percentage of the theoretical-optimum impulse. The out-put in-

formation for the optimum trajectory is as follows:

0. -the initial path angle

I O -- the orbital radius

AV, -- the sum of impulses

AV -- the first impulse, at the sphere of influence

AV -- the second impulse, at the orbit

9 -- the path angle after the first correction

J6 -- the angle of the first correction impulse with respect

to the radius vector

and V -- the velocity after the first correction

The most significant results are given on pgo.100-106, and other re-

sults are given in Appendix B

Finally, the program tests the value of "DATA" from the input; this

is a number which Indicates the number of sets of data left to process.

If the number is zero, the program is terminated; if it is not zero, the

next set of input data is read and the whole pro&am is repeated. This

procedure eliminates loading the program into the computer for each

separate problem; as many problems as desired can be run sequentially.
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V. Optimum Trajectory for a Range of Orbits

Purpose

This problem is a continuation of the last problem; it in also

based on an allowable range of circular orbits. The objective of this

problem is to use the correction of Program 7 as a starting point and

to determine an optimum sequence of corrections from there to the orbit

when errors in each correction are assumed. The purpose also includes

a comparison of the results of this method with those from the Multi-

step Optimization Problem and the M¢lti-step Reduction Problem.

Theory of Correction Sequence

If the same logic behind Proram 7 were applied throughout the

sequence of correction which involves errors, there would be no fixed

reference trajectory since each step would have a different optimum

reference trajectory computed by Proram 7. The optimum reference path

at any radius would depend upon what each of the preceeding errors and

optimum paths ha4 been. This method migbt work well in actual appli-

cation where a computer on the spacecraft is used to determine the best

correction sequence, rather than having it all precomputed for a

statistical error distribution. The logical point at which to make eack

correction would be determined by the following method:

(1) The optimum 2-correction path is calculated periodically by

Program 7,

(2) the worst expected error is added to the calculated optimum

correction and the resulting trajectory parameters are calculated,

49



GA/physi 63-5,6

(3) the impulse required at orbit for the resulting trajectory

would be added to the optimum correction impulse,

(14) the impulse requirede at orbit for the actual trajectory which

the spacecraft is now on would be computed, and

(5) the impulse rium from (3) would be compared to the impulse

from (4); if the latter is smaller a correction woul'L not be made at

this time, but if it is larger a correction is certain to be ;nore

optional.

The above m-et.hod would be fairly simple where the actual errors

after each correction would be known. But for a hypothethetical probleu

using statistical errors it becomes extremely complicated, .ince the

effects of the individual errors are not independent. The directions

as well as the magnitucde affect the inpulse sums.

Therefore, in this problem the correction sequence has been

simplfied by alwaVs attempting to correct to the original optimum

reference trajectory. Since the direction of the error is very

significant when a range of orbits is allowed, and "enveloi,.e" .,' error

trajectories is used. First the errors ae all assumed to increase the

pericenter distance (outer errors), and then the analysis is repeated

with errors that decrease the pericenter distance (inner errors). This

envelope will give the extremes of impulses required to compensate for

errors.

Assunptions

Orbital Rane. As in the previous problem, the acceptable range
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for orbits is assumed to be 1.1 to 6.1 times the surface radius of the

target planet.

Programmed Mission Orbit. The programmed mission orbit (the aiming

point for the midcourse guidance) is assumed to be the theoretical optimum

trajectory orbit when it lies within the acceptable range. If the theo-

retical orbit lies above the range, the outer range limit is used as the

programmed orbital radius, and if the theoretical orbit lies below the

range, the programmed radius is the inner range limit.

Midcourse Error. There is an initial error at the sphere of in-

fluence that is caused by errors in midcourse guidance. For the purposes

of this analysis an error equal in magnitude to 10% of the velocity and

directed perpendicular to the velocity vector is assumed, since that is

the direction cansing the most significant effect on the orbital radius.

Also, the perpendicular error assumption is consistent with the previous

pro grams.

Reference Trajectory. From the initial conditions (the programmed

trajectory plus the midcourse error), an optimum reference trajectory is

selected by the analysis of Program 7. All subsequent corrections are

made in an attempt to attain the reference trajectory.

Correction Irrors. An error in each correction impulse is assumed,

and for this analysis the value of 1% of the reference trajectory velocity

at the correction radius is used. Since a range of orbits, which is not

necessarily symmetrical with respect to the reference trajectory, is

allowed, the directions as well as the mapitudes of the errors are im-

portant. The worst combinations of errors will occur when all of the
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errors are in the same direction; therefore, an envelope of errors is

used to determine the worst possible error conditions. First, the

errors are all assumed to be "outer errors," which increase the peri-

center distance. Then the errors are all asswed to be "inner errors,"

which decrease the pericenter distance. For consistency with the assump-

tions in previous problems, the correction errors are all assumed to be

cross-component errors. Since this results in a very small error angle,

* its cosine is assumed to be very nearly unity, and the change in

velocity ma,-nitude is negligible.

Number of Corrections. The number of corrections was originally

limited to 15, since previous analysis showed that optiu .number is

likely to be less than this. Preliminary results from Progam 9 in-

dicated that it would probably be muc. less than 15 when a range of

orbits is allowed; therefore, the limit was reduced to 10.

Orbital-Range Tolerance. Because a range limit may be chosen as

the reference trajectory, none of the error trajectories to the outside

of the reference will be in the allowable range. Therefore, a range-

limit tolerance is allowed for the error trajectories. This tolerance,

within which the final erroneous orbit must lie, is assumed to be 10%

of the altitude of the orbit above the planet's surface.

Type of Trajectory. Once again the trajectories between the sphere

of influence and the orbit are assumed to be hyperbolic, while the orbit

is circular.

Bas.ic Equations

The basic equations used in this analysis are the same as used in
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Prof~am 7 (see pgs.34-35) and are not repeated here.

Computer Program 8

Program 8 is divided into a main progam and four subpro&rame. The

main progam is explained first and the functions of the subprogram are

stated. The details of each subprogram are explained later. The flow

chart for Program 8 is on page 5

Input Data. The input data for this propram is allowed only one

form, which is the same form as the normalized input to Progam 7. The

input data is also converted to the locally-normalized system within the

proiam, as in Progam 7.

Theoretical Optimum Trajectory. The calculations of the theoretical-

optimum-trajectory parameters is also included in the program. The details

of the calculations have been given on page 5.

Sequence of Computations. First, the programmed mission orbit is

determined in accordance with the asamptions and the value of R, the

theoretical-optiam orbital radius. If one of the orbital-radius-range

limits is selected as the reference orbit, the corresponding initial

conditions at the sphere of influence must be determined. This determi-

nation is made by the Subroutine RMAT. If the theoretical optimum is

selected for reference, the initial conditions have already been de-

termined.

The outer-error analysis is made first, and begins at this point.

The outer limit of the radius-range tolerance is calculated by the

formula

LIM mAK +- Ramp (RMAK - ) (132)
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Next the initial error is added to the initial conditions to

determine a new set of initial conditions including the error:

= WZN (133)

9' X +'FI (1341)

where 0.l has been previously determined in the program as

C are+a(Vea,) (135)

This new set of iLitial conditions is given to the Subroutine RE1OPT for

calculation of the optimum reference trajectory.

Using the reference trajectory, the Subroutine OPTSE- computes the

optimum correction sequences for one to ten-stage sequences.

The last part of the proram is now repeated for inner errors

starting with the computations of the inner limit of range tolerance:

RuIm RMI - R (P 1 (136)
EIL£3R MrX.

After the inner-error sequences have been determined, the program

will be terminated if no other sets of input data remain to be cal-

culated. If the results of more than one set of input data are desired,

the input parameter "DATA" is set positive, and the entire program will

be repeated.

Output Data. As a convenience and for a check on the proper in-

sertion of input data, all significant input data is written out in the

same form in which it was entered. (T he limits on I and N, the number

of correction radii and the number of corrections was not considered

* iaificant since it is apparent from the results which are written out.
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The results ere written out immediately following the completion of

each Phase of the program, since the 7090 Computer can celcu.late while

outputing information. This procedure reduces the running time of the

program. 11any of these outputs are in the subroutines themselves, and

consequently are described in the details of the subroutines.

In general the form of the output data is the normalized system

where the 'Vs are normalized by &V* and the R'S by R5, The final

angle calculations are written out in def-Tees as indicated in the results

by "(D)" following the angle name. At a few points intermediate angle

results are given in radians, with no indication of units.

The output parameters from the main proram are

Vcs--local circular velocity at the radius

RS--the surface radius of pjlanet,

V,,--the initial velocity of the spacecraft relative to the planet

OS--the initial path-angle error,

S -- the path-angle correct ion- error,

Ro*--the theoretical ontimum orbital radius, in both

dimensional and non-dimensional form,

AV*--the theoretical optimum impulse, in both dimensional and

non-dimensional form,

* -- the theoretical optimum path angle at the sphere of

irfluence, in both dimensional and non-dimensional form,

Ro -- the reference trajectory orbital radius,

the reference trajectory path angle at the sphere of in-

fluence, in both dimensional and non-dimensional form,
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RLUM--the tolerance-limit for the orbital range, either for inner

or outer errors, depending upon the current phase of the

analysis,

V. -- the initial velocity including midcourse error, and

0.--the initial path angle including error

Subprograms

The four subroutines which are used in Program g are described in

the order in which they are called for in the programs.

Subroutine RTRAJ. This routine is used to calculate the initial

conditions at the sphere of influence when one of the range limits is

selected as the proaramned orbit. Since the velocity at the sphere of

influence for the proL'ammed trajectory is aseumed to be equal to VtN,

only the initial path angle must be determined. This program assumes

various pericenter velocities for trial trajectories with a pericenter

distance of RwM and attempts to match the velocity at the sphere of

influence to V., . The flow chart for RMTAJ is on page 58.

the input parameters from the main program to the subroutine are

the orbital radius, RLWA , and the initial conditions at the sphere of

influence: R-a , VrN , and P Z(two times the potential energy).

Since the computations involve an iteration process, the final

result is an approximation and a criterion of accuraq st be specified.

In this case, finally computed value of velocity at the sphere of izn-

fluence axst not differ from Vz, Iv more than 0.01%, VL. = -. oooL V,.

A starting point is determined for the iteration process by

selecting & trajectory of somewhat greater energ content than that of
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desired trajectory. The pericenter velocity corresponding to this

starting trajectory is then decreased in increments until the traject-

ory becomes close to that desired. The size of the increments is then

decreased in successive steps, until the accuracy criterion is met. The

path angle at the sphere of influence can be calculated from the para-

meters of the desired trajectory.

The trajectory selected for the starting point has an energy content

represented by

VU - V(137)

In general the energy content of a trajectory would be represented by

A iE (138)
and the desired trajectory has

'I2 V X (139)

which is less than that of the starting trajectory. The pericenter

velocity for the starting trajectory will be

V. + 2.z
vM0 F I R aso  (14o)

For the initial iteration it will be decreased in a series of steps IV

an increment of CVo= (V-V,,)/a . Daring each steo the value of

at the sphere of influence is calculated by the equations:

V= ,-Z . where PE R - (1412)

For the starting trajectory, AV= V- V will be positive, and as

decreases with each successive trial AV will eventually become
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negative. After a negative value is obtained, the process will be

terminated if &V is less in magnitude than V.IM. If AV is larger, a

new series of steps is performed starting with the Vo that immediately

proceeded the one that ceused AV to be negative. Also the increment

is decreased to one-tenth the previous increment. This iteration

procedure in continued until jAvIlc VLM , and then the initial-condition

path angle is computed from the parameters of the final trial trajectory:

=rsi (qH) (143)

This value is the only output parameter to the main program.

Subroutine REOWPT. The subroutine RDMPT is basically the same as

Program 7. The initial conditions which have been determined in the

main program are input to this subprograki, which determines the optimum

correction to make at the sphere of influence. The details of the

subroutine are not described here as most of them would be repetitions

of those for Program 7; only the differences between the two programs

will be noted. The flow chart is on page 61.

Many of the constants, such as V. , Gi, R., etc.,exe written

into the program rather than being entered as input data. Also, some

of the variables have been more conveniently named (i.e. F, & F? for

ODVT & OODVT, etc.). 3ut, the most significant changes are in the in-

put and output to the subprogram.

Since the subprogram does not generate its own conditions, as does

Program 7, and single set of initial conditions is entered from the main

program. The input arguments from the main program to the subroutine

are: Vr N R AV'% and Pea The
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output arguments to the main program from the subroutine are the

optimum reference trajectory parameters: I/A, e, , ao&nZV (at the

sphere of influence). In addition the subprogram writes out the

following parameters: LVT) AVO , Ms A, W 1 '. 30 e )ana .

Suibroutine OPTSL,. The subroutine OPTSQ., utilises the concept

of dynamic programming in a similar manner as Program 5. Its purpose

is to calculate the optimum sequence of corrections when each correc-

tion is in error. The flow chart for this subprogram is on pg. 63,

and may be of help in understanding the program, which contains many

loops and therefore tends to be quite confusing.

The input arguments from the main program are: the reference-

trajectory parameters; R, I on) W a I and I/Af ; the selected

tolerance limit, RLIm the correction error ange, 5#; the inner-or-

outer-error Indicator, 1Z ; the theoretical optimum Impulse, AV*.,

and AV at the sphere of influence. The subroutine also reads input

data Z and nL, the limits on the number of correction radii and on

the number of corrections.

The first step in this subroutine is to call Subroutine RMAMC.

This subroutine calculates and stores in memory a table of information

for each correction radius. Since the table contains information which

is used many times in the program, a large amount of time is saved Ir

calculating each item once and storing the information for later use.

Por each possible correction radius the table contains the reference

trajectory parameters R, glt, V ., and PE25,; and also the H for a

trajectory which haa been corrected at that particular radius (in other

62



GA/Phys, 63-5.6

J f8 - o Prss iEQ CALL Fi
Svsrzovri9qF_ oPrSEQ

Itl Rmt- 7X FLOW C14^fkT-

Rua:
ourerz Fop? 1) 7N W

e (?eo R's I
PN

ZVO

C4LC.
let > < Rol

COk6C- CAL.L.
VO*VC go. VAV,

ya-VC veve. -V&

w Q fre. A Ile
t "Fl" ! R

cz IT) jla

>
"C'R b I-,*

-WRITE

W 4 1
, wz I

MOST ;r' NAT QIX m
Sow 046

N-Z N. F lF,

fop A* i, w
ro

>

< L i rK >A- 3 N: ?.

ch6c IF, it)
AY F- F, -V 06104'Z

lt4'j(m)0-*Rcmz)
foi- Mwl.m-k

63



GA/Pbys/63-5, 6

words, for the trajectory that makes an angle of G$ with the reference

trajectory. This trajectory is illustrated in Fig. 13; Hais the

angular momentum of trajectory 2. If a correction is made at R.

regardless of what the previous trajectory was, the conditions after

correction will be those corresponding to trajectory +2. The angular

orientation of the radius vector in space is immaterial; therefore, any

of the points 3.1, 4.2, or 5.3 can be rotated to coincide with point

2.0. The angle which the corrected trajectory makes with the reference

trajectory immediately following a correction will always be S .

The concept of "Dynamic Proaming" and the "Principle of

Optimality" (Ref. 1: 15) are now utilized to determine the optim m

sequence of corrections. As applied to this particular problem, the

Principle of Optimality can be described in the following manner.

Regardless of how the spacecraft arrives at any particular radial

distance along the trajectory, from that point on the trajectory must

be optimum, if the overall trajectory is to be optimum. The significance

of this statement becomes more apparent when a concrete example is used.

In Pig. 13 the first few possible correction radii, positions, and tra-

jectories are shown. If in some manner the spacecraft arrives at point

3.0, due to error it will take Traj. #3, it must take the optium path

from 3.0 to orbit. There are two possibilities:

(la) contiming on Traj. 03 to pericenter (3.2) and injecting into

circular orbit of radius R 0, ; or,

(2a) correcting at R1 , and taking Traj. #2 to pericenter (2.1)
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and injecting into an orbit of Ro.

For the sake of example, consider the case where the sum of the two

i mpulses of case (2) is less than the single orbital-injection impulse

for case (1). Now consider the next point out on the reference tra-

jectory; from the point 4.0 the optimum would be chosen from three

possible paths:

(ib) continuing without a correction to pericenter and

injecting into orbit (4.l--.4 .2),

(2b) correcting at R3 (to Traj. #3), and continuing to

pericenter (4.--3.0-0-'3.2), or

(3b) correcting at R. and at R;a and continuing to Pericenter

on Traj. #2 (4.1--P-3.0 -- P- 3.1--2.0-.2.1).

3Ut both of the latter two paths go through point 3.0 and the ontimum

from point 3.0 has already been found as case (2a). Therefore, case

(2b) need not be considered at all since it imbodies case (la) which is

known not to be optimum. The optimum for a trajectory starting at 4.0

can be determined as either case (Ib) or(3b). This type selection

process is the essence of dynamic programming.

In actual application, the calculations are started at the point

2.0 and the trajectory origin is then moved outward to 3.0, 4.0, etc.;

but, only one-step corrections are considered on the first phase of

the calculations. In the example of Fig. 13, only the Trajectories

numbered 1 to 5 would be acceptable as one-stage trajectories, since

Traj. #6 lies outside the allowable range. The program would consider

the trajectories up to #6, but when it found #6 unacceptable it would
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discard it and start the next phase of the calculations.

Next, a similar process would be used for two-stage corrections.

However, this tine the result. of the previous phase are used. The

starting point this time will be point 3.0 (since the only trajectory

allowed from point 2.0 is a one-stage trajectory). The only allowed

path Will be 3.0--e-3.l--..O--..l, for which the impulse can be

obtained by adding the impulse correction at R. to the single-stage

impulse which was determined for point 2.0 in the last phase of

calculations. The origin of the trajectory is moved to point 4.0,

and the optimum two-stage trajectory is selected from two possibilities:

(lc) 4.o 4- .l ---w 3.0, and

(2c) 4..o 4 .2 --w 2.0

The impulse sums for these paths may be determined IV adding the one-

stage impulses for trajectories from points 3.0 and 2.0 to the corre-

sponding impulses necessary to correct from Traj. #4 to the reference

trajectory at those points. The minimum sum is stored as the optimum

two-stage impulse for origin 4.0. Along with this is stored the optimal

policy: each correction radius for the optimum path.

The following notation in assumed for brevity:

?t --the number of corrections in the current phase

of calculations,

F(L) -- the optimum impulse mum for an n-stage correction path

originating at R ,

F() -- the optimum impulse rm for an (n-l)-stage correction

path originating at RL,
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AV(1-the correction necessary at i on Traj. # L, to

attain the reference trajectory.

Using this notation, the optimum for trajectories from 4.0, described

above, is

F 2)4- &VY(2)

F, (4) = MIN 4.--4.Z-- Z.o-"A- 

1z )4 * WV S-

;or pat6 4,o - 4.I 3. 0.--3_

and the optimum for trajectories originating at 5.0 is

F FCz) + 6V (Z)

Fz (4.) 4 tV(4)

(145)

In general then, for a two-stage correction process

F2. (n) +- AV(m)

F(h +1) -1 &v(n+ 1)

Fz ( .) + &V U.

where is the largest C for which a one-stage correction is acceptable;

in the foregoing eaample, te F.
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And for phases of caculations with n- greator-than-two stages, the

following general epression holds:

fFa (i Wm

where L is the largest possible correction radius (the radius of the

sphere of influence).

Storage of the optimal policy for each 1 is accomplished IV

transfering the policy corresponding to F of the optimal case and

including the R of the optimal &V. If the optimum case were that

of (n+k) , the optimal policy would be that of F(n+k) plus the

radius

The last computation step of any phase will be for F,(C) , which

is the impulse sum for the optimum trajectory starting at the sphere of

Influence and containing n subsequent corrections. (If the correction

at the sphere of influence Is included, the total number of correctiom

will be n+ ) This value, along with its optimal policy, is written out

since it i the desired reslt. The program, therefore, will write out

the optimal decision for each of n phases of computations. The output

values can be compared to determine the most desirable ,ambr of cor-

rections.

After each phase of the calculations is completed the (n-l)-stage

tables are no longer needed. Therefore, they are replaced by the n-stage
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optimal table in preparation for the computation of the (n +1)-stage

table (i.e. F).

The memory storage requirements for the optimal tables limit the

number of correction radii that can be considered. For each correction

radius, the computer must allow ten storage positions for the optimal-

policy radii (if ten is the maximum number of corrections allowed for

the sequence) plus one position for the impulse sum. But, this is only

for one table; since both the 7 and the F. tables mast be stored, each

radius required 22 storage positions for the optimal tables alone. In

addition to this, each radius will have its table of paremeters, which

requires five positions. Therefore, the storage tables for 1000 cor-

rection radii would require 27,000 positions, and this does not allow

for what the remainder of the program will require. Because of the

storage requirements and to decrease the running time, this program was

run with 100 correction stations.

The actual calculations in the program are divided into two sections:

first, for n=l, and secondly, for n-2-or-more. The n=l calculations

are in turn split, since inner and outer analyses required some slightly

different calculations. The calculations for n-l are listed below and

should be easy to follow from the previous discussions.

e= =  (148)

Ro AC.C - 3(149)

C(150)
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A " (151)

%= Vo- v (152)

The calculationm for n,2-or-more have also been discussed previously;

thq are

a* sm1 (153)

Note: V* =V' * since An= Aj (see pC.74) (154)

~ (155)

vs -Si '&0 (156)

vLre Z V. !Cos &-0 (157)

AV UV V¢ __K_ (158)

19= - Ca ___~ (259)

(i6o)

Fc = &V +V-2q) (160)

rCCz Mi" I Fel (162)

The final mluplse am must include the initial correction at the sphere

of influence , . (163)

Fo r - P,eL) t- F, 71
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This sum is normalizd by AV~for output.

The data which are written out 1v this subroutine are possible

one-stage correction policies and the optimum policies for all n

stages.

Subroutine RMAMX. The mubroutine RMAM generates the correction

radius grid and also the reference trajectory parameters for each grid

point. The flow diagram for this sub-program is on pg 73. The input

arguments from Subroutine OPTS!, to the Subroutine RMA are ,

R IN 0 RD, , P I I/A , and 60 . ( R,.here is equivalent to Rol).

The correction-radius grid is not composed of equally spaced radii,

since previous programs indicated that few corrections are desirable

during the first half of the incoming trajectory and most of them are

likely to be made during the last part of the trajectory. Therefore

a geometrical progression of radii is used, so that the relationship

between consecutive radii,

; L =(161)R;-%

is computed from the equation

RM -" (165)

since there are (L-1) intervals between the &. radii. Since R) is

reserved as the orbital radiusthe radius grid starts with RM R .

The actual calculations are quite familiar b now.

PE2- Z. (166)

(167)
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Since it is assumed that only the path angle is in error,

V Vo (169)

: 56t+ 9 (170)

A= Am and (171)

H. sir (172)

The progam contains a test for sines greater than one beomase

slightly greater values were found for the pericenter position, due to

slight errors or inaccurracies in rounding off in calculations.

The output to OPTSRq from RMAME is the grid of parameters 4,

H , Vp, and PE2, for each R.; while the written output consists of

each R with its corresponding c, V,. and H,
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VI. Linear Perturbation AnalYis

of Error Effects

This analysis is an approach to the determination of the effect

that small errors have upon the various trajectory parameters. This

investigation contains some features which are similar to those used

by Dr. Traenkle in his analysis. The same sinusoidal error con-

figuration is considered, but the approach and results of the analysis

are different. The concern here is primarily with mathematical

relationships, while Dr. Traenkle' s analysis is based somewhat on

geometrical considerations.

In addition to providing a comparison or verification of what

has been previously done, this study will ultimately provide critera

for determining the optimum direction of corrections, not only for

minimising the error in orbital radius, but also for error in impulse

required at the orbit.

General Analysis

In general, it is assumed that there is no error in the position

of the spacecraft, and that the only errors involved are in the velocity

vector. The errors are defined as , the error in the velocity magni-

tude, and S$, the error in path angle. These errors are assumed to be

small enough that a linear perturbation analysis is valid.

The velocity vector perturbations include corresponding error

perturbations in the paraneters of the trajectory. The velocity zagni-
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tude at any point on the resulting trajectory will be V -VRefV.

where VY is the reference or error-free trajectory. Similarly,

o - + go and the other parameters of the trajectory will be de-

fined in the same manner, i.e. A=A,+SA.

The quantities R, V., and 0 are given. From these A, Rie,

and et can be calculated.

AA.= 2a 1 (178)

H : + I (179)

+ (180)
Alt

The perturbation quantities are found from these equations.

SA vi $ 2 VAZt6v or. (181)
(y. V

SA (182)
,=-ZVRA =iV.(.)

6 H RVitCOSL8 + R SV sin~ 13

(or) (183a)
(13

Ae,. A -A+t

= ( .2 cot + 4 .v GV) (186)
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Since

Ap FL(187)

The reference orbital radius is Ro,=Ag(e,-I) ; therefore, the

perturbation SRO is calculated as follows:

SR=S epl (188)

and when the values of SA/A and Se from above are substituted the

equation becomes

SR 2Vw A! ~ 4 ~~~ [cot AS +(I + AV,) (189)

= A~er,-I eatt [Cotk 80 + QY(I + ARY2 -2AaV,2 U 1

~~=~-~L fcit [I -AfV,'2f 1R e (190)

eR* I c,, v F0+i-[I-A.~ g19a
but, - + A 2 t *(- 1 (191)

Alt RO AL A ,,1) Ao,(e.J)

sot IoA~h -t a . + AV (192)

Since the square of the velocity at pericenter of the trajectory is

V -- eft + I = .+i (193)

the perturbation in VoI " can be found as follov:

p V ' 6,V R..,Se-(ep.D~ e e,_! ' _,
- . RL~~eO55 - Se - eL1 R (194)

"o. Ro, Rom
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o 6V Se o I (195)
Vk 2 V 9.1t ZROfVZRl

but

Vom2Rop= (e + f) (196)

Therefore,

Gvc - s SR _ O (197)
Vo Z(el.I) ZRom

When Eqs. (1g6a) and (190a) are substituted into Eq. (197). the equation

becomes

V,. e-I 
-Vast 2(e'+i)e, IC . "

e{ L go + 0-. : (198)

o, (.4- )1) (198a)

, [(e, o)AvJ'-i]* , cat (198b)

o V.. L[V [v R9 J1L11 Ct.~S 56L (199)
Vo0, e~l Vf'R .'

The impulse necessary to inject into a curcu ar orbit at the pericenter

of the reference trajectory ii dY 3=Vlt-Yca = Vo - I/Ro" ,and

the perturbation is

<5Ao= 5v. + , (200)

and,

SAV-o = -§ + +.= - -R.- (201)
VOit Vop Vo%,.; t RIto Volt VA. W.
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After s bstitution of Eqs. (190a) and(199) involving the perturbation

6VO  and 6R,, the following expressions are obtained:

-oI I R i (202)Vo.= l [,v I

The quantity

vot v+ce (203)

+ L.a A (em-1) and R04-% Ae(ea-C) (204)

Therefore,

__ o =  I JD + v1 /( +. Volty - (205

and z v f LV [' Vs ) +CO Olt 1 (206)

The cotAcan also be determined in terms of the other parameters

of the trajectory.

co4~se ~ -V=- (207)

and s (208)

Therefore,

CA4a -1 (- (209)
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Sinusoidal Errors

If a sirnisoidal possibility of error is assumed (Ref. 5:14),

where is a small angle as shown in Fig. 15, the following

approximations can be made:

C0q= 1 (210)

S V CV1 t cose (211)

v /

"" (213) -- "

Vrk + SV

vS ss. (23.) •i, 5

SINUSOIDAL

F-RoR CONFIGURATION

Extremes of the Perturbations

When the expressions for 60 and SV/Vp in Eqs. (214) and

(212) are inserted in Eqs. (184), (1i6a), (192), (199), and (206), the

equations below result:

SH VE-M" Si, n * o'i..c O. elA] (215)H,- -,-t
$e =--fu,. e iA-' l+ooo *o-S(,I +A, 1 2(216

V5  ept L

[ Ft z vo -ose(0- 02
6R0 V, v ews? sie -L + -4(?0t2 (217)

V5 i
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S =+o V (H.-1) (219)
and = AMR ~~cR~oe +1~t
The two perturbations of primary concern are SR, and -A/o To

determine where their extremes lie with respect to the error angle, G,

Eqs. (219) and (217) are differentiated twice with respect to G

Since the reference conditions do not vary with 9, the other factors

on the left side of the equations will not affect the positions of the

extremes. The first derivative is set to zero to determine the extreme

condition, and the second derivative is evaluated at that point to de-

termine the nature of the extreme.

First the error in AV is considered.

N-.66",4 - FV12 (-,I 1
__ Fi 1 __ V9 H~O i

and 4_Ane co+#u A - Z(v)

V _4 (s I. I _ VL.' (He-i)

(221)

The quantities Vo,, VELt , VOL , and cot 9 are always taken positive by

convention, and also Von>I= Vc, . If A(e -I) > I , then

A= - > I . For trajectories which do not intersect that

planet's surface, Rs-1 <Roo= Aq(e.-), and A,(ez-l)>Ap(e.-,I
since e,>I for hyperbolic paths. The second derivative is

rV#VoItC (H (222)
bo 0AV ] = E Votc afte ______ _ (222
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In this case the tangent of e v will be positive and G, must be a 16t

or rd quadrant angle, When G, is in the first quadrant, the sine

and cosine are both positive and the second derivative is always

negative; the extreme is a maximum. On the other hand, when both

the cosine and sine are negative for a third quadrant angle, the second

derivative will always be positive and the perturbation is a minimum

(or maximum negative value).

Cases of less concern could possible occur, if trajectories which

intersect the planet surface are considered. When H4NI , so that

(N,-1)<o, and the tangent of G. might be negative. In this case,

would be a 2 nd or 41 quadrant angle. If Ov is a second quadrant angle

the cosine is negative and the sine is positive; therefore, both terms

in the second derivative will be negative. This follows from the fact

that co+ is positive and the quantity in the brackets of the second

term is negative. A maximum perturbation must occur when 0, is a

second quadrant angle. The opposite is true for a fourth quadrant

angle--the second derivative is positive and the perturbation is a

minimum.

When the same procedure is followed for the perturbation in P" the

following is obtained:

kanRo e.+' = =
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and since V.< 4 J , (I- Vlzl )> 0 the tangent of91 is alWay

positive and e. is a 1 t or 3rd quadrant angle. The second derivative

is

"VR-C-t /o V., 2)] (225)

and will always have a negative value for first quadrant angles and

positive for third quadrant angles. Therefore both 49 and (9 are 1
et

quadrant angles for conditions of maximum perturbations in AV and R.

respectively.

Theoretical pttimum Reference Trajectory

If the theoretical optimum trajectory is assumed as the reference

trajectory, the parameters become

R = -- P_ (226)

aLz AVI* __(227)

Alt =(228)

va4 ZL1'2 V:.NF (229)

3 (230)

and f _  (2 )

where . is the velocity at infinity for the trajectory. Substi-

tution of these expressions into Eqs. (2a) and (224) yields

83



GA/Phys/63- 5,6

ae iat z (32)

arean U a I (232a)

and - f~ r (R Vvy

ir yf2(;~~e).~IaP(233)- I
LF. rl,- ,)+j1 (-33)UV,; (v-v')

where 9rL and 6V cause maximum perturbations if the angles are in the

first quadrant, and minimum if they are in the third quadrant. If the

direction of minimum perturbation Is interpreted in a slightly different

light, it is the best possible direction for a correction of a given magni-

tude, since it gives the maximum negative change in the trajectory parameter.

Programs 9 and 10. Two sets of numerical examples for G9 and G.

were computed for various conditions. Program 9 was used to compute those

angles for various radial distances along the theoretical optimum tra-

jectory, while Program 10 was used to compute the angles e and 0,

for various path angles at the sphere of influence. The data used, in
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both cases, was for the Mars H-trajectory, and the results are given in

Chapter VII. Since the equations used in the programs have already been

fully explained, the details of the program are not given here and the

progams themselves are included in Appendix B.
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VII. Discussion of Results

The results of both Part I and Part II of the thesis are described and

compared in this chapter. The numerical values used for the initial

velocities in all cases were obtained from page 7 of the appendix of

Reference 2.

The first portion of this chapter discusses the results of four

topics. The first is the sphere-of influence-entry error. The second

topic is constant magnitude corrective impulse for a specified orbital

radius. The third topic is the variable magnitude corrective impulse

for a specified orbital radius, and the fourth topic is the outbound

position and velocity errors at the sphere of influence due to an error

velocity at injection.

The second portion of this chapter is concerned with the results

from correction methods which allow a range of orbits. This section also

contains comparisons of these results with those for fixed-orbit cor-

rection methods.

Trajectory Parameters for Part I

Tables IV through VII give the computed trajectory parameters for

the 32 cases studied. The pericenter correction impulse, /V,- is also

listed in these tables as a percent of both the relative velocity at the

sphere of influence and of the basic velocity sum.
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Table IV

Vemsian Reference Trajectory Constants

TrajectoryRpe It A*(, )  A W

H-opt 20.7 3.00 7.31 1.46 68.44 35.76
H-close 4.16 1.15 7.31 1.10 116.5 60.1
A-opt 3.03 3.00 1.07 2.14 70.21 39.88
A-close 1.89 2.03 1.07 1.10 72.4t9 4o.14
C-opt .858 3.00 .303 .606 *
C-close 1.37 4.63 .303 1.10 71.92 48.94
D-opt 10.9 3.00 3.g6 7.71 69.02 25.110
D-close 3,11 1.2$ 3.86 1.10 93.54 34.4

Table V

Martian Reference Trajectory Constants

Trajectory -gdY,.
T ~ b e

H-opt 5.20 3.00 1..4 3.6s 70.25 33.26
- close 2.29 1.60 1.814 1.10 79.6o 37.21

Au-opt .778 3.00 .275 .550
A-clo se 1.35 5.00 .275 1.10 72.36 31.03
B-opt .355 3.00 .126 .251 * *
H-close 1.22 9.77 .126 1.10 77.16 40.8l
C-opt .112 3.00 .039 .079 * *
C-0lo66 1.114 -23_qg 03q 1.10 84451. 9322

* No runs were made since rp wae les than the surface radius
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Table VI

Vems-Return Reference Trajectory Constants

Trajectory -9 1 'A Avv V
Types e a w V

H-opt 30.2 3.00 10.7 P.4 67.62 32.29
H-close 4.95 1.10 10.7 1.05 136.g 65.34+
A-opt 5.56 3.00 1.97 3.93 70.10 31.29
A-close 2.29 1.53 1.97 1.05 :30.31 35.94
c-opt 4.67 3.00 1.65 3.31 70.24 22.4.
0-close 2.14 1.64 1.65 1.05 77.69 24.92
D-opt 4.2F 3.00 1.50 3.00 70.32 44.43
f-close 2.06 1.70 1.50 1.05 76.42 4g.29

Table VIII

Mers-Return Reference Trajectory Constants

Trajectory R A it IV AV, AV
Types b e Q t (

H-opt 21.7 3.00 7.67 15.3 6s.51 36.07
H-close 4.15 1.14+ 7.67 1.05 120.9 63.67
A-opt 2.15 3.00 .761 1.52 70.56 0.30
A-close 1.64 2.38 .761 1.05 71.25 40.69
B-opt 2.22 3.00 .784 1.57 7o.47 33.19
?-close 1.66 2.34 .784 1.05 71.62 33.57
O-opt 1.60 3.00 .566 1.13 70.34 26.01
0-close 1.51 2.s6 .566 1.05 70.37 26.o2
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Sphere of Influence Entry Error

The velocity corrections required at the sphere of influence to

redirect the spacecraft's velocity vector to the reference velocity

vector become increasingly larger as 0 varies from Oto ± 9 e . The

magnitude of correction at + 910" is very large; the range is from 50.3%

to 95.0 of the basic velocity sum. For - 7 0 e, the correction requires

an impulse from 53.% to 96.6% of the basic velocity sum. Even at

v ± /0' (except for Venus H-opt.) the impulse required is from 4% to

12% of the basic velocity sum. The reason that Venus H-Optimum is

excluded is that A!," * 7 , so the error at+100 is small. In order

to keep the percentage below two percent of the basic velocity sum,

must be kept within 20 to 30 of the reference value. The largest

allowable error for a 2% error is 3.10 in the case of the Venus tra-

jectory, class D-Opt. The midcourse maneuvers, therefore, must guide

the spacecraft accurately enough to have it enter the sphere of in-

fluence so that 0 in within two or three degrees of6 . In most cases,

is less than two degrees for Vezisian trajectories, less than one

degree for Martian trajectories, and les than one and a half degrees for

return trajectories at larth. Roughly then, the spacecraft's relative

velocity vector must be directed at the target planet as it enters the

sphere of influence. The required collision parameters for each tra-

jectory are listed in Tables IV through VII.

Constant Magnitude Corrective Impulse

Listed in Table VIII are the corrective velocity impulse sums in

89



GA/Phys/63- 5,6

percent of the basic velocity sum for an error velocity of

JV=,.o00/Y . In Appendix A, the values for the corrective

velocity impulse sums for Wequal to lO0 , 75-4, 5014, 25,, and 101, of

O.0014 are listed for a unit error velocity. The results for Vr

equal to 10o of 0.00141 are all very encouraging since no percentage

is above 5' and many are considerable less. Even more interesting are

the magnitudes of the corrective velocity impulse sums for a unit error

velocity. For the optimal trajectory cases, the sums are between 1.77

and 4.80. For the close trajectory cases, the sums are between 4.63 and

5.79. The larger spread for the optimal trajectory cases results from

the differences in the optimal orbital radii. The larger the optimal

orbital radius, the smaller are the corrective velocity sums. For any

given orbital radius, the corrective velocity sums are very nearly equal

for all three planets. The optimal correction sequence, therefore, seems

to produce a relatively constant velocity sum depending mostly on the

reference orbital radius chosen.

If the error velocity is less than 0.00141, the correction sequence

does not change other than some of the later correction maneuvers are not

needed. The ranges at which the corrections art made do not change uch

at all; only the number required becomes increasingly smaller am the error

velocity decreases. This conclusion is drawn from the fact that the re-

duction mimber (erroneously labeled reduction factor in the computer out-

put in Appendix A) for the five variation of SV for each initial con-

dition are almost identical. For any proposed space mission, the chosen

reference trajectory can be investigated and an optimal correction
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Table VIII

Corrective Velocity Impulse Sum in Percent of Basic Velocity Sum

Venus Mars

Class n 4 Vol. Sum Class n % Vel. Sum
H-opt 1 1.40 H-opt 6 2.99
H-close 10 4.14 5 3.01

9 4.15 4 3.11
9 4.2o 3 3.44
7 4.29 2 i4.57
6 4.4g H-close 12 4.

A-opt 4 1.12 11 4.35
3 1.15 10 4.39
2 1.34 9 4.46
1 2.70 8 '4. 55

A-close 9 1.63 A-close 11 1.42
s 1.63 10 1.42
7 1.66 9 1.42
6 1.71 8 1.44
5 1.90 7 1.49

O-close 9 1.00 3-close 10 1.14
7 1.01 9 1.l14
6 1.02 8 1.15
5 1.o6 7 1.17
4 1.15 6 1.22

D-opt 2 0.94 0-close 9 .712
1 1.07 9 .713

D-close 10 2.11 7 .720
9 2.11 6 .74o
8 2.13 5 .779
7 2.18
6 2.26
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(Table VIII cont.)

Venus-Return lMar s-Return

Class n % Vel. Sum Class n G Vel. Sum
.- opt 1 1.49 H-opt 2 1.60
.- close 12 4.55 1 1.71

11 4.56 H-close 12 4.29
10 4.60 11 4.309 4.67 10 4.33

9 4.79 9 4.39
A-opt 3 1.02 9 4.5o

2 1.11 A-opt 6 1.06
1 1.87 5 1.07

A-close 11 1.53 14 1.12
10 1.S4 3 1.24

9 1.s6 2 1.67
9 1.90 A-close 11 1.142
7 1.96 10 1.42

C-opt 4 .695 9 1.43
3 .705 9 1.45
2 .790 7 1.49
1 1.44 3-opt 6 .880

C-close 11 1.20 5 .gg6
10 1.20 4 .917

9 1.21 3 1.01
9 1.24 2 1.35
7 1.28 B-close 11 1.19

f-opt 1.34 10 1.19
3 1.37 9 1.20
2 1.56 9 1.21
1 2.99 7 1.25

D-close 11 2.25 C-opt 8 .705
10 2.26 7 .711
9 2.28 6 .729
9 2.32 5 .766
7 2.4o S6

C-close 10 .782
9 .784
9 .734
7 .515
6 ..54
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sequence determined. If the errors in the spacecraft's systems should

be less than the anticipated values, the same sequence would be used,

but some of the later corrections would be eliminated. Once a correc-

tion is made accurately enough to direct the spacecraft to within

tolerable limits, no more corrections need be made and the sequence

would still have been the optimal one. The optimum reduction number

is usually very close to 0.6.

A check was made on the time interval between correction positions

to determine if there would be sufficient time to make necessary

measurements. In the cases where ten or more corrections had to be

made, the last time interval is less than ten minutes. If this time

difference is minimum, then a correction sequence which is less than

optimum would have to be used. The optimum, however, is quite flat and

only a very small increase would be required to reduce the number of

corrections to 75% of optimum. If the number of corrections for Mars,

class-A-close, is reduced from 11 to 9, the change in percent of the

basic velocity sum is 0.02.

A smell error in the computation of the times was introduced be-

cause the vs range plots were assumed to be straight lines which

passed through the abscissa at r= r In the case illustrated in

Pig. 16 this assumption is reasonably accurate, but the case illustra-

ted in Fig. 17 is perceptably in error. The curve should pass through

14.6 on the abscissa, but it actually passes through 8. The case in

Pig.17 represents the worst deviation of all the solutions. The case

in Pig. 16, however, is much more representative of the majority of
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solut ions.

Variable Mamitude Corrective Impulse

When K is varied as well as n, the opttimal sequence does not

change appreciably. In fact, in 4 out of the 6 cases the results are

identical. The most probable reason that all the cases do not exactly

Egree is that the limited number of correction positions do not allow

the optimum case to be found. Five-hundred equally spaced range

positions were used, but in order to more closely approach the true

optimum a thousand, or more would be needed. In the case of Mars, Class-

H-close, an increment as small as 0.457 planet radius is needed, but with

500 correction positions the increment is 0.621 planet radius. Every

indication is that a fixed K or constant magnitude corrective impulse

sequence is truly the optimum. All the conclusions drawn from that

analysis, therefore, are general. Also, the computer time required for

the fixed K solutions in very much lees than for the variable K solutions.

A large savings in computer expenses is obtained through the use of the

constant K technique.

Outbound Velocity and Position Error

The resultant error velocity at the sphere of influence plots as

an ellipse. (Fig. 1 and 19). The error velocities are quite small

and would require a corrective impulse which is equal to or less than

the corrective velocity sum of the optimal corrective sequence of the

inbound leg. The position error is usually onc or two olanet radii; the

largest error is less than eight planet radii. Since the sphere of in-
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fluence is the cross-over point between the outbound lag in the local

rvity field an the midcourse leg in heliocentric space, these errors

should be judged with respect to the latter region. A few planet radii

hardly measureable in heliocentric space and this error may be ignored.

Whether to correct the velocity error at this point must be based on a

midcourse evaluation. The resultant error velocity is even a smaller

percentage with respect to the heliocentric referenced velocity since

V, or V2 is alwqs greater than AV, orAV1. In an event, the

errors are quite small and only a modest corrective velocity impulse

will be required to correct the velocity error if it is done at the sphere

of influence.

One-Stage Correction with Orbital Range

The results of Program 7 are given on pages 100 to 106 , and

include seven sets of data: five sets are for the Mars N-Trajectory,

which is used as a primary reference for comparisons in this section,

one for the Mars A-Trajectory, and one for the Venue I-Trajectory. The

Mars-N data sets, except for set (4), all allow an orbital-range of

I.6Ro &(. I ; they are described as follows:

(1) Initial path angles from -900 to 900 in increments of ten

degrees, are used to examine the effects of large error angles;

(2) More realistic errors are examined with path angles from -10 ° to

100, in increments of one degree;

(3) Path angles from 00 to 20, in increments of one-tenth of a

degree, show the effects of very small errors;
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(4) a fixed orbital radius, Re= Ro , is used as a basis for

comparison of fixed vs. varying-orbit analyses; and the path

angles are the same as the following set;

(5) Path angles varying up to 100 on either side of the theoretical

optimum reference trajectory are considered in one degree steps

for both fixed and variable orbits.

Both the Mare-A and the Venue-H data contain one set of angles varying

from -90c to 900 increments of one degree. Rach number in the data is

followed by RE" and two digits which indicate the proper position of the

decimal, i.e. 0.l000!-02=0.l000(l0)

The three trajectory classes discussed here were selected to serve

as examples because they included theoretical optimum radii which lay

within, inside of, and outside of the allowable radius range. In

addition to these examples, five other classes of trajectories were

analyzed by Program 7 and are on pages Z74 through Z84 of Appendix B.

The other classes are the Mars B and C trajectories and the Venus D, A,

and C trajectories. Other sets of data for the Mars H and A trajectories

and for the Venue H trajectory are also included in Appendix B.

Comparison of One-Staae Correction Methods

As stated previously, when the initial-path-angle error is large,

the magnitude of the impulse for correction to the theoretical optimum

trajectory is very large. At least this is true when only the path angle

is corrected and the magnitude of the velocity remains unchanged.

low consider a correction where only the orbital radius remains
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fixed and the other trajectory parameters are allowed to vary to give a

minimun impulse sum. l saving in impulse can be realized over the

previous case. This is shown in Table II, in vhich the W'S are the

percentage of increase in Impulse over the single theoretical impulse.

The data has been taken from Programs 1 and 7 for the Mars-H-Trajectory.

The table shows that there is a considerable savings for large angles--

as such as 116.7% of the theoretical optimum value, for a 900 path angle.

Of course, this path angle is not very realistic, but there is still a

saving of 7.Mv for a 100 path angle, which would be about 9.10 in error.

The results for smaller variations of path angle are shown in Table X.

When the orbital radius as well as the other trajectory parameters

are allowed to vary (i.R 0o=.I), and additional sving in impulse can

be realized. This is also shown in Table D. The saing here again is

significant for a 900 path angle, 9.2%, while the additional savings for

a 100 path angle is only 1.2%. The total savwings at 900 is then 124.9%

which is 41.6% of the Basic Velocity Sum. The total savings of 8.61 for

a 100 path angle is 2.9% of the Basic Velocity Sum. Table X shows a

similar trend for smaller path angles; the total savings for 20 path

angle (1.10 error) is 1.7% of the theoretical optimum impulse or about

0.6% of the Basic velocity sum. In Table II, comparisons are made for

the Mars A and Venus R trajectories, where only the total savings, & is

shown. Small negative values of 6 occur in a few places in Tables X and

XI. This is contrary to what should be expected. But it can be explained

as a result of the inaccuracies in the americal analysis. This illus-
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Table IX

Comparison of Single-Stage
Correction Methods for

Large Path Angles

Mar. H-Trajectory

#%A v? tN3  A! ,

900 1.995 .828 .746 1.167 .02
so0 1.811 .802 .720 1.009 .o82
To 1.613 .770 .690 .843 .00
600 1.402 .716 .642 .686 .074
500 1.181 .642 .576 .539 .066
400 .951 .54 .2492 .403 .056
300 .714 434 .390 .29 0o4
2*o .474 .301 .272 .173 .029
100 .225 .151 .139 .074 .012
00 .023 .o16 .o16 .007 .000

-10o .271 .183 .177 .098 .oo6
_00 .517 333 .311 .lg4 .022_300 .759 46 .42 294 .o6

•40 .995 .579 .531 .416 .0 S-500 1.223 .674 .615 549 .059
-600 1.42 .74s .681 .694 .067
-70o 1.65o .01 .729 .g4 .072
_90 i.s46 .34 .759 1.012 .075

-90o 2.02 .56o .785 1.168 .075

Legend:

AV, -- Impulse for fixed trajectory (Program 1)

AV -Impulse for fixed orbit (Program 7)

&VY.--Impulse of variable orbit (Program 7)

A AV2,- .V
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Table X

Compwrison of Single-Stage
Correction Methods for

Small Path Angles

Mars H-Trajectory

avz 6V3  1b2

100 .225 .151 .139 .074,  .012
9o  .o .135 .12 .o65 .011
8 .176 .119 .110 7 .009
70.151 .103 .096 .0 07

.126 .086 .081 .04o .oo
0 .101 .070 .066 .031 .o

.OT6 .053 .050 .023 .003
30 .052 .036 .034 o16 .002
20 .026 .019 .019 .007 .001
10 .01 .002 .001 .o6 .001
00 .023 .016 .016 .007 .000

- 10 .os .033 .033 .015 .000
- 20 .073 .050 .051 .023 .001
- 30 .098 .o6g .o6 .030 .000
- 40 .122 4 .04 .08 .000
- 5o .147 .101 .100 .o .ooi
- .172 .118 .117 .054 .001
- 70 .197 .134 .132 .063 .002

80 .221 .151 .147 .070 .oo4-90 * .167 .163 - .00o4
-100 .271 .183 .177 .098 .006

* value not computed Ir program.
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Table XI

Other Comparisons
of Single-Stage Correction

Impulses

Mars A-.Trajectory Veias H-Trajectory

AV) 4Y J& 1

90o  1.949 .530 1.410 1.950 .929 1.122
800 1.771 .529 1.242 1.749 .757 .992
700 1.580 .513 1.o67 1.534 .689 .g45
600 1.376 .488 .888 1.309 .625 .684
500 1.162 .454 .703 1.073 .551 .522
400 .939 .1o .529 .829 .456 .373
300 .709 .358 .351 .578 .342 .236
20°  .474 .277 .197 .323 .209 .114
O.235 .158 .077 .o66 .05 .008
00 .oo6 .028 - .022 .192 .107 .085

-100 .247 .165 .082 .148 .283 .165
-200 .485 .285 .200 .701 .434 .267-3o .720 .371 .349 .949 .567 .381
-4o0  .950 .1425 .525 1.119 .6s1 .438
-500 1.172 .469 .703 1.420 .776 .64
-600 1.386 .503 .983 1.64o .852 .788
-700. 1.589 .529 1.o6o 1.849 .922 .921
-800 1.790 .52 1.236 2.o42 .990 1.052
-900 1.957 .554 1.403 2.221 1.054 1.167
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trates a point discussed previously on page 46, where the need for a

very tight convergence criteria was discussed. Apparently at least

(i0) - 5 should be used as a criteria.

Optimum Correction Sequence with rbal Range

The results of Program 9 are given on pages lZ through 1?9.

The impulse totals, designated JMPT 1, FOPT 2,---FOPT 10, optimums for

each number of correction stages from one to ten. The correction radii

are number outward from the orbit, i.e. RC 1 is the radius of final orbit

and RC 2 is the next correction out from the orbit. The subscripts, which

are shown only on page 119 , indicate the number.of the radii in the

possible-correction grid. Therefore RC0.2, RC33, RC90 4 represents a

geometrically spaced correction sequence. For case where POPT 1 is very

large (approx. 106), no single correction is possible for the prescribed

orbital range.

The results include three Mare H-Trajectory analyses, plus one Mars

A and two Venus H problems. One of the Mare H programs was run with a

fixed orbital radius to compare with the varying orbit cases. The other

two were run to compare the effecte of errors of different magnitudes.

The fIrst of these programs used 1.55 of the reference velocities for all

errors, while the second had a 10% initial error, followed by 1.5% correc-

tion errors. This case tacitly assumes that terminal uidance will be

more accurate than midcourse guidance, since there are better spatial

references available and les distance is traveled between corrections.

The Mare A and the Vene H problems also contain 1.5% errors. The
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OPTIMUM MARS H-TRAJECTORY FOR ORBIT RO=3.670

INPUT DATA
G= O.1080E-00 VIN= 0.8900E-01 RIN= 0.3260E 03

RS= 0.5300E 00 VFRR= 0.1500E-01 VRERR= 0.1500E-01

LOCAL NORMALIZATION DATA

VCS(K/S)= 0.3573E 01 RS(K)= 0.3376E 04
VIN(NORM)= 0.7424E 00 FIER= O.15O0E-01 DELFI= 0.1500E-01

THEORETICAL OPTIMUM TRAJECTORY

ROX= 0.3670E 01 CVX= 0.5220E 00 FIX= 0.1583E-0l
ROX(K)= 0.1239E 05DVX(K/S)= 0.1865E 01 FIX(D)= 0.9071E 00

INPUT OATA
ROR= 0.3670E 01 RMAX= 0.3670E 01 RMIN= 0.3670E 01

RERR= 0.IO0OOE-00

OPTIMUM REFERENCE TRAJECTORY VALUES
ROR= 0.3670E 01 FIIN= 0.1583E-01 FIIN(D)= 0.9071E 00

OUTER ERROR ANALYSIS
RLIM= 0.3937E 01 VI= 0.7424E 00 FII= 0.3083E-01

REFERENCE TRAJECTORY PARAMETERS
FI(D)= 0.9139E 00 PSI(D)= 0.2260E 03THETA(D)=-0.4419E 02

DVT= 0.1015E 01 DVO= 0.9850E 00 DV= 0.2991E-01
RD= 0.3670E 01 A= 0.1891E 01 H= 0.3803f 01
EC= 0.2940E 01

INNER ERROR ANALYSIS
RLIM= 0.3403E 01 VI= 0.7424E 00 FIT= 0.8339E-03

REFERENCE TRAJECTORY PARAMETERS
FI(D)= 0.9139E 00 PSICD)= 0.1354E 03THETA(D)= 0.4464E 02

DVT= 0.1015E 01 DVO= 0.9850E 00 DV= 0.3014E-01
RO= O.3670E 01 A= 0.1891E 01 H= 0.3803E 01
EC= 0.2940E 01
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GA/PHYS/63-5,6

OPTINUM MiARS H-TRAJECTORY FOR ORBIT RO=3.670

N-CORRECTION IMPULSE TOTALS

OUTER ERRORS

FOPT 1= 0.1897E 07 RCO= 0.

FOPT 2= 0.1445E 01
RC 1= 0.3931E 01 RC 2= 0.1741E 02 RC

FOPT 3= 0.1203E 01
RC 1= 0.3931E 01 RC 2= 0.1741L 02 RC 3= 0.7533E 02
KC

FOPT 4= 0.1188E 01
KC 1= 0.3931E 0.1 RC 2= 0.1741E 02 RC 3= 0.4552C 02
RC 4= 0.1191E 03 RC

FOPT 5= 0.1195E 01
RC 1= 0.3931E 01 RC 2= 0.1741E 02 RC 3= 0.3621E 02
RC 4= 0.7533E 02 RC 5= 0.1567E 03 RC

FOPT 6= 0.1209E 01
RC I= 0.3931E 01 RC 2= 0.1741E 02 RC 3= 0.3156E 02
RC 4= 0.5723E 02 RC 5= 0.1038E 03 RC 6= 0.1882E 03
RC

FOPT 7= 0.1226E 01
RC 1= 0.3931E 01 RC 2= 0.1741E 02 RC 3= 0.28b0E 02
RC 4= 0.4766E 02 RC 5= 0.7886E 02 RC 6= 0.1305L 03
RC 7= 0.2062E 03 RC

FOPT 8= 0.1245E 01
RC I= 0.3931E 01 RC 2= 0.1741E 02 RC 3= 0.2751C 02
RC 4= 0.4349E 02 RC 5= 0.6566E 02 RC 6= 0.9914E 02
RC 7= 0.1497E 03 RC 8= 0.2260E 03 KC

FOPT 9= 0.1264E 01
RC 1= 0.3931E 01 RC 2= 0.1741E 02 RC 3= 0.2751E 02
RC 4= 0.4154E 02 RC 5= 0.5992E 02 RC 6= 0.8642b 02
RC 7= 0.1246E 03 RC 8= Q.1717E 03 RC 9= 0.2366E 03
RC

FOPT 10= 0.1284E 01
RC 1= 0.3931E 01 RC 2= 0.1741E 02 RC 3= 0.2628E 02
RC 4= 0.3791E 02 RC 5= 0.5467E 02 RC 6= 0.75331 02
RC 7= 0.1038k 03 RC 8= 0.1430E 03 RC 9= 0.1882E 03
kC 10= 0.2477k 03 RC
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GA/PHYS/63-5,6

OPTIMUM MARS -TRAJECTORY FOR ORBIT RO=3.670

N-CORRECTION IMPULSE TOTALS
INNER ERRORS

FOPT 1= 0.1897E 07 RCO= 0.

FOPT 2= O.1414E 01
RC 1= O.3410E 01 RC 2= 0.1741E 02 RC

FOPT 3= 0.1202E 01
RC 1= 0.3410E 01 RC 2= 0.1741E 02 RC 3= 0.7533E 02
RC

FOPT 4= 0.1188E 01
RC 1= 0.3410E 01 RC 2= 0.1741E 02 RC 3= 0.4552E 02
RC 4= 0.1246E 03 RC

FOPT 5= 0.1195E 01
RC 1= 0.3410E 01 RC 2= 0.1741E 02 RC 3= 0.3621E 02
RC 4= 0.7533E 02 RC 5= 0.1567E 03 RC

FOPT 6= 0.1210E 01
RC 1= 0.3410E 01 RC 2= 0.1741E 02 RC 3= 0.3156E 02
RC 4= 0.5723E 02 RC 5= 0.1038E 03 RC 6= 0.1882E 03
RC

FOPT 7= 0.1227E 01
RC 1= 0.3410E 01 RC 2= 0.1741E 02 RC 3= 0.3015E 02RC 4= 0.4989E 02 RC 5= 0.8255E 02 RC 6= 0.1305E 03
RC 7= 0.2062E 03 RC

FOPT 8= 0.1245k 01
RC 1= 0.3410E 01 RC 2= O.1741E 02 RC 3= 0.2751f 02RC 4= 0.4349E 02 RC 5= 0.6566E 02 RC 6= 0.9914E 02RC 7= 0.1497E 03 RC 8= 0.2260E 03 RC

FOPT 9= 0.1265E 01
RC 1= 0.3410E 01 RC 2= 0.1741E 02 RC 3= 0.2151E 02
RC 4= 0.4154E 02 RC 5= 0.5992E 02 KC 6= 0.8642E 02RC 7= 0.1246E 03 RC 8= 0.1717E 03 RC 9= 0.2366E 03
RC

FOPT 10= 0.1285E 01
RC 1= 0.3410E Ol RC 2= 0.1741E 02 RC 3= 0.2628E 02RC 4= 0.3791b 02 RC 5= 0.5467E 02 RC 6= 0.75331 02RC 7= 0.1038E 03 RC 8= 0.1430E 03 RC 9= 0,1802E 03
RC 10= 0.2477E 03 RC



GA/PHYS/63-5,6

OPTIMUM MARS H-TRAJECTORY FOR ORBITAL RANGE = 1.1 TO 6.1

INPUT DATA
G= 0.1080E-00 VIN= 0.8900E-01 RIN: 0.3260E 03

RS= 0.5300E 00 VERR= 0.1500E-01 VRERR= 0.1500E-01

LOCAL NORMALILATION DATA

VCS(K/S)= 0.3573E 01 RS(K)= 0.3376E 04
VIN(NORM)= 0.7424E 00 FIER= O.1500E-01 DELFI= 0.1500E-01

THEURETICAL OPTIMUM TRAJECTORY
ROX= 0.3670E 01 IDVX= 0.5220E 00 FIX= 0.1583E-01

ROX(K)= 0.1239E 05DVX(K/S)= 0.1865E 01 FIX(D)= 0.9071E 00

INPUT DATA
ROR= 0. RMAX= 0.6100E 01 RMIN= 0.1100E 01

RERR= O.IO00E-O0

OPTIMUM REFERENCE TRAJECTORY VALUES
ROR= 0.3670E 01 FIIN= 0.1583E-01 FIIN(D)= 0.9071L 00

OUTER ERROR ANALYSIS
RLIM= 0.6610E 01 VI= 0.7424E 00 FII= 0.3083E-01

REFERENCE TRAJECTORY PARAMETERS
FI(D)= 0.9745E 00 PSI(1)= 0.3364E 03THETA(D)=-0.154(E 03

DVT= 0.1014L 01 DVU= 0.1037E 01 DV= 0.4735E-01
RO= 0.4239C 01 A= 0.1721E 01 H= 0.4241L 01
EC= 0.3454E 01

INNER ERROR ANALYSIS
RLIM= 0.1090E 01 VI= 0.7424E 00 FII= 0.8335E-03

REFERENCE TRAJECTORY PARAMETERS
FI(D)= 0.8535E 00 PSI(D)= 0.4137E OITHETA(D)=-O.2336E 03

CVI= 0.1015C 01 DVO= O.1011E 01 DV= 0.2511E-O

RO= 0.3461E 01 A= 0.1796E 01 H= 0.3643L 01

EC= 0.2927E 01
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GA/PHYS/63-5,6

OPTINUM MARS H-TRAJECTORY FOR ,iHB]TAL iRAN(6E = 1.1 TO 6.1

N-CORRECTION IMPULSE TOTALS
OUTER ERRORS

FOPT 1= 0.1897E 07 RCO= 0.

FOPT 2= 0.1143E 01
RC 1= 0.6567E 01 RC 2= 0.1677E 03 R

FOPT 3= 0.1162C 01

KC 1= 0.6567E 01 RC 2= 0.1677E 03 RC 3= 0.2391E 03
RC

FOPT 4= 0.1183E 01
RC 1= 0.6567L 01 RC 2= 0.1677E 03 RC 3= 0.2093L 03
RC 4= 0.2612E 03 RC

FOPT 5= 0.1204E 01

RC 1= 0.6567E 01 RC 2= 0.1677E 03 RC 3= 0.2002E 03
RC 4= 0.2391C 03 RC 5= 0.2854E 03 RC

FOPT 6= 0.1226E 01

RC 1= 0.6567L 01 RC 2= 0.1677E 03 RC 3= 0.1915E 03
RC 4= 0.2188E 03 RC 5= 0.2499E 03 RC 6= 0.2854L 03

RC

FOPT 7= 0.1248E 01
RC 1= 0.6567E 01 RC 2= 0.1677E 03 RC 3= 0.1915L 03
RC 4= 0.2188E 03 RC 5= 0.2499E 03 RC 6= 0.2730[ 03
RC 7= 0.2984E 03 RC

FOPT 8= 0.1270L 01
RC I= 0.6567E 01 RC 2= 0.1677E 03 RC 3= 0.1915C 03
RC 4= 0.2093E 03 RC 5= 0.2287E 03 RC 6= 0.2499E 03
RC 7= 0.2730E 03 RC 8= 0.2984E 03 RC

FUPT 9= 0.1292E 01
RC I= 0.6567b 01 RC 2= 0.1677E 03 RC 3= 0.1832E 03

RC 4= 0.2002[ 03 RC 5= 0.2188L 03 RC 6= 0.2391E 03
RC 7= 0.2612E 03 RC 8= 0.2854L 03 RC 9= 0.3119L 03
RC

FOPT 10= 0.1314E 01
kC 1= 0.6567E 01 RC 2= 0.1617h 03 RC 3= 0.1832k 03
RC 4= 0.2002E 03 RC 5= 0.2188E 03 RC 6= 0.2391E 03
RC 7= 0.2612E 03 RC 8= 0.2854E 03 RC 9= 0.2984E 03
RC 10= 0.3119E 03 RC
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GA/PHYS/63-5,6

OPTINUM MARS H-TRAJECTORY FORk OHITAL ;IANUE = 1.1 TO 6.1

N-CORRECTION IMPULSL: TOTALS
INN-R ERRURS

I-OPT 1= 0.1897E 07 RCO= 0.

FOPT 2= 0.1130[ 01
RC 1= 0.1982E 01 RC 2= 0.1022L 03 RC

FOPT 3= 0.1137E 01
RC 1= 0.2158L 01 RC 2= 0.8896C 02 RC 3= 0.1703r 03
RC

FOPT 4= 0.1154E 01
RC 1= 0.2264L 01 RC 2= 0.8106E 02 kC 3= 0.1289E 03
RC 4= 0.2050E 03 RC

FOPT 5= 0.1174E 01
RC 1= 0.2264E 01 RC 2= 0.8108E 02 RC 3= 0.1175L 03
RC 4= 0.1703E 03 RC 5= 0.2356L 03 RC

FOPT 6= 0.1194E 01
RC 1= 0.2314L 01 RC 2= 0.7741E 02 RC 3= 0.1071E 03
RC 4= 0.1415E 03 RC 5= 0.1869E 03 RC 6= 0.2468E 03
KC

FOPT 7= 0.1215E 01
RC 1= 0.2314E 01 RC 2= 0.7741E 02 RC 3= 0.1022E 03
RC 4= 0.1289E 03 RC 5= 0.1626E 03 RC 6= 0.2050k 03
RC 7= 0.2585E 03 RC

FOPT 8= 0.1236E 01
kC 1= 0.2314L 01 RC 2= 0.7741E 02 RC 3= 0.9761E 02
RC 4= 0.1231E 03 RC 5= 0.1552L 03 RC 6= 0.1869E 03
RC 7= 0.2249E 03 RC 8= 0.2708b 03 RC

FOPT 9= 0.1257L 01
RC 1= 0.2361E 01 RC 2= 0.7390E 02 RC 3= 0.9319L 02
RC 4= 0.1122L- 03 RC 5= 0.1351E 03 RC 6= 0.1626E 03
RC 7= 0.1957E 03 RC 8= 0.2356E 03 RC 9= 0.2837E 03
RC

FOPT 10= 0.1278E 01
RC 1= 0.2361E 01 KC 2= 0.7390E 02 RC 3= 0.9319E 02
RC 4= 0.1122E 03 RC 5= 0.1351E 03 RC 6= 0.1626E 03
RC 7= 0.1869E 03 RC 8= 0.2147E 03 RC 9= 0.2468E 03
RC 10= 0.2837E 03 RC
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GA/PHYS/63-5,6

OPTIMUM MARS H-TRAJECTORY FOR ORBITAL RANGE = 1.1 TO 6.1

INPUT DATA
0.1080E-00 VIN= 0.b900E-O1 RIN= 0.3260E 03

RS= 0.5300E 00 VERK= 0.ICOOE-O0 VRERR= O.150OL-OI

LCCAL NORMALIZATION DATA

VCS(K/S)= 0.3573E 01 RS(K)= 0.3376t 04

VIN(NCRM)= 0.74241E )0 FIER= 0.9967E-01 DELFI = 0.150oE-O1

THEORCTICAL OPTIMUM TRAJECTORY
ROX= 0.3670E 01 DVX= 0.5220E 00 FIX= 0.1583E-01

ROX(K)= 0.1239E 05UVX(K/S)= 0.1865E 0l FIX(D)= 0.9071C 0.'

INPUT DATA
ROR= 0. RMAX= 0.6100E 01 RMIN= 0.1100C 01

RERR= 0.10O00E-00

OPTIMUM REFt-KENCE TRAJECTORY VALUES

ROR= 0.3670E 01 FIIN= 0.1583E-01 FIIN(D)= 0.9011E O0

OUTER ERROR ANALYSIS
RLIM= 0.6610E 01 VI= 0.7461E 00 FIl= 0.1155L-Oc

REFERENCE TRAJECTORY PARAMETERS

FI(D)= 0.1246E 01 PSI(D)= 0.2244E 03THETA(D)=-0.377E 02
CVT= 0.1096E O DVO= 0.9003L 00 OV= 0.1956E-00
RU= 0.5239E 01 A= 0.2270E 01 H= 0.4739[ 01

EC= 0.3308E 01

INNER ERROR ANALYSIS
RLIM= 0.1090k 01 VI= 0.1461E 00 FII=-0.8384L-O1

REFERENCE TRAJECTORY PARAMETERS

FI(D)= 0.9984L 00 PSI(D)= 0.1272E 03THETA(D)= 0.4799L 02
DVT= 0.1103E 01 DVO= 0.9246E 00 DV= 0.1791t-OC,
RO= 0.4017E 01 A= 0.2147E 01 H= 0.3903E 01

EC= 0.2871E 01
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GA/PHYS/63-5,6

OPTINUM MARS 1I-TRAJECTORY FOR ORBITAL RANGE = 1.1 TO 6.1

N-CORRECTION IMPULSE TOALS
OUTER ERRORS

FOPT 1= 0.1897E 07 RCO= 0.

FOPT 2= 0.11701 01
RC 1= 0.6576E 01 RC70 2= 0o.9205E 02 RC

FOPT 3= 0.1174E 01
RC 1= 0.6576E 01 RC 7 2= 0.9205E 02 KC8r3= 0.1132L 03
RC

FOPT 4= 0.1190E 01
RC 1= 0.6576E 01 RC702= 0.9205E 02 RCW3= 0.1403t 03
RC9o4= 0.2139E 03 RC

FOPT 5= 0.1208E 01
RC I= 0.6576E 01 RC70 2= 0.9205E 02 RC7 8 3= 0.1290C 03
RC*64= 0.1807E 03 RC93 5= 0.2427E 03 RC

FOPT 6= 0.1226E 01
RC 1= 0.6576L 01 RC, 0 2= 0.9205E 02 RC 76 3= 0.1185t 03
RCg 4= 0.1527E 03 RC@ 8 5= 0.1966E 03 RC$ 4 6= 0.2532E 03
*RC

FOPT 7= 0.1245E 01
RC 1= 0.6576E 01 RE,0 2= 0.9205E 02 kC%3= 0.1185E 03
RECg 4= 0.1464E 03 RC8 65= 0.1807E 03 RC9 1 6= 0.2231E 03
RC9O 7= 0.2754E 03 RC

FOPT 8= 0.1264E 01
RC 1= 0.6576E 01 RC70 2= 0.9205E 02 RC7 1r3= 0.11371 03
RCsa4= 0.1403E 03 RCg5= 0.1661E 03 RC"6= 0.1966E 03
RC9a7= 0.2327E 03 RC94 8= 0.2754E 03 RC

FOPT 9= 0.1283E 01
RC 1= 0.6576E 0l RCo 2= 0.9205E 02 RC.,3= 0.1137E 03
RC 4= 0.1345E 03 RCSS5= 0.1592E 03 RL* 7 6 = 0.1885E 03
RC9 1 7= 0.2231E 03 RCSM8= 0.2532E 03 RC3 7 9= 0.2873E 03
RC

FOPT 10= 0.1302E 01
RC 1= 0.6576E 01 RC702= 0.9205E 02 RC7 5 3= 0.1137E 03
RC794- 0.1345E 03 RC" 5= 0.1592E 03 RCg&6= 0.1807 03
kCR.7= 0.2050E 03 RC" 6= 0.2327E 03 RCsir9 = 0o.2641E 03
R l0= 0.2996E 03 RC
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GA/PHYS/63-5,6

O P~I~,; MAi(,- ti-TRAJECTORY FOR (,RBITAL A>GE = 1.1 TO 6.1

N-CORRLCTICN IMPULSO TOTALS
ANNCR ERRORS

FOPT 1= 0.1897E 07 RCO= 0.

FOPT 2= O.11 3E 01

KC 1= 0.2344E 01 kC 2= 0.1162E 03 RC

FOPT 3= 0.11931 01
RC 1= 0.2548E 01 RC 2 0.9709E 02 RC 3= 0.1819E 03
KC

FOPT 4= 0.1209t 01
RC 1= 0.2655E Ol RC 2= 0.9283E 02 RC 3= 0.1454E 0
KC 4= 0.2177E 03 RC

FUPT 5= 0.1227L O
RC 1= 0.2710E 01 RC 2= 0.8876E 02 RC 3= 0.1271L 03
NC 4= 0.17400 03 RC 5= 0.2381E 03 RC

OPT 6= 0.1246E 01
RC 1= 0.2710E 01 RC 2= 0.8876E 02 RC 3= 0.1162E 03
RC 4= 0.1521b 03 RC 5= 0.1990E 03 RC 6= 0.2605E 03
RC

FOPT 7= 0.1265E 01
RC 1= 0.2763L 01 RC 2= 0.8486E 02 RC 3= 0.1111E 03
RC 4= 0.1390E 03 KC 5= 0.1740E 03 RC 6= 0.217(E 03
KC 7= 0.2724L 03 RL

FOPI 8= 0.1285E O1
NC 1= 0.2763E 01 NC 2= 0.8486C 02 KC 3= 0.1062E 03
RC 4= 0.1329E 03 KC 5= 0.159CE 03 RC 6= 0.1903E 03
RC 7= 0.2277E 03 RC 8= 0.2724E 03 RC

FOPT 9= 0.1304E 01
KC 1= U.2763E 01 RC 2= 0.8486E 02 RC 3= 0.1062E 03
RC 4= 0.1271E 03 RC 5= 0.1521E 03 RC 6= 0.1819E 03
RC 7= 0.2177E 03 RC 8= 0.2491E 03 RC 9= 0.2849E 03
RC

FOPT I0= 0.1324F 01
KC 1= 0.2763E 01 RC 2= 0.8486E 02 RC 3= 0.1I1SE 03
RC 4= 0.1215E 03 NC 5= 0.1454E 03 RC 6= 0.1663E 03
NC 1= 0.1903E 03 RC 8= 0.2177E 03 RC 9= 0.2491E 03
NC 10= 0.2849L 03 RC
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GA/PhYS/63-5,6

CPTIMUM MARS A-TRAJeCTORY FOR ORBITAL RANGE = 1.1 rO 6.1

INPUT DATA
G= .1080E-00 VIN= 0.2290E-00 RIN= 0.326JE 01

RS= 0.5300E 00 VFRR= 0.1500L-01 VRERR= 0.15001:-Ol

LOCAL NURMALIZATION DATA

VCS(K/S)= 0.3573E C RS(K)= 0.3376t 04

VIN(NORM)= 0.1910E 01 FIER= 0.15O0L-Ol DELFI= 0.1500U-0I

THEORETICAL OPTIMUM iRAJECIORY
ROX= 0.5491i 00 DVX= 0.1350L 01 FIX= 0.2380L"'-02

ROX(K)= 0.1854E 04DVX(k/S)= 0.4821E 01 FIX(U)= 0.1364E-0

INPUT DATA
ROR= 0. RMAX= 0.6100E 01 RMIN= O.11Or. 01

RERR= 0.10001:-O

OPTIMUM REFERENCE TRAJECTORY VALUES

ROR= 0.1IOOE 01 FIIN= 0.4128E-02 FIIN(D)= 0.2365E-0G

OUTER ERROR ANALYSIS
RLIM= 0.6610E 01 VI= 0.1910E 01 FIT= 0.1913E-01

REFERENCE TRAJECTORY PARAMETERS

FI(D)= 0.2380E-00 PSI(D)= 0.2169E 03THETA(D)=-0.3516E 02

VVT= 0.1037L 01 DVO= 0.1002E 01 DV= 0.3553E-01
RO= O.I100E 01 A= 0.2860E-00 H= 0.2535L 01

EC= 0.4847k 01

INNER ERROR ANALYSIS
RLIM= 0.1090k 01 VI= 0.1910E 01 FII=-0.108E-0

REFERENCE TRAJECTORY PARAMETERS

FI(D)= 0.2380E-00 PSI(D)= 0.1435E 03THETA(D)= 0.3586E 02

OVT= 0.1037E 01 DVO= 0.1002E 01 DV= 0.3557[-01

RO= 0.I100E 01 A= 0.2860E-00 H= 0.2535E Ok

EC= 0.4847E 01



GA/PHYS/63-5,6

OPTIMUM MARS A-TRAJECTORY FOR ORBITAL RAN(,E = 1.1 TO 6.1

N-CURRECTION IMPULSE TOTALS
OUTER ERRORS

FOPT 1= 0.1163E 01 RCU= 0.5970E 01

FOPT 2= 0.1173[ 01
kC 1= 0.2908h 01 RC 2= 0.1215C 03 RC

FOPT 3= 0.1179E 01
RC 1= 0.2170L 01 RC 2= 0.7202E 02 RC 3= 0.1532L 03
RU

FOPT 4= 0.11)2[ 01
RC 1= 0.1948L 01 RC 2= 0.5709E 02 RC 3= 0.1020E 03
RC 4= 0.1624E 03 RC

FOPT 5= 0.1209E 01
kC 1= 0.1855E 01 RC 2= 0.5083L 02 RC 3= 0.8089L 02
RC 4= 0.1287L 03 RC 5= 0.2048E 03 RC

FOPT 6= 0.1227E 01
RC 1= 0.1734E 01 RC 2= 0.4270E 02 RC 3= 0.6 4 12 E 02
RC 4= 0.9628E 02 RC 5= 0.1446E 03 RC 6= 0.2111C 03
RC

FOPT t= 0.1246E 01
RC 1= 0.1698L 01 RC 2= 0.4029E 02 KC 3= 0.5709C 02
RC 4= 0.8089E 02 RC 5= 0.1146C 03 RC 6= 0.1624L 03
RC 7= 0.2301C 03 RC

FOPT 8= 0.1266E 01
RC 1= 0.1698E 01 RC 2= 0.4029L- 02 RC 3= 0.5709L 02
RC 4= 0.1632E 02 RC 5= 0.1020E 03 RC 6= 0.1364E 03
RC 7= 0.1824E 03 RC 8= 0.2438E 03 RC

FOPI 9= 0.1286E 01
RC 1= 0.1665L 01 RC 2= 0.302E 02 RC 3= 0.5063L 02
RC 4= 0.6795E 02 RC 5= 0.9085E 02 RC 6= 0.1215E 03
RC 1= 0.1624C 03 RC 8= 0.2048E 03 RC 9= 0.2584E 03
RC

FOPT 10= 0.i306E 01
RC 1= 0.1665E 01 RC 2= 0.3802E 02 RC 3= 0.5083E 02
RC 4= 0.6412E 02 RC 5= 0.8089E 02 RC 6= 0.1020E 03
RC 7= 0.1287E 03 RL 8= 0.1624E 03 RC 9= 0.204bE 03
RC 10= 0.2584[ 03 RC
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GA/PHYS/
6 3-5,6

OPTIMU!4 MAAS ATRAJECTOffY FOR ORBITAL IZAN6iE 1 .1 TO 6.1

N-CURRECTION IMPULSE TOTALS

INNER ERRORS

FOPT 1= 0.7336E 06 RCO = 0.

FUPT 2= 0.3575E 01
RC 1= 0.1127E 01 RC 2= 0.3316E 01 RC

I-OPT 3= 0.2074k 01

RC 1= 0.1093E 01 RC 2= 0.1166E 01 RC 3= 0.1591E 02

RC

FOPT 4= 0.1620E 01

KC 1= 0.1093E 01 RC 2= 0.I166E 01 RC 3= 0.4433E 01

RC 4= 0.3802E 02 RC

FOPT 5= 0.1496E 01
RC 1= 0.1093: 01 RC 2= 0.1166E 01 RC 3= 0.2629[ 01

RC 4= 0.1261E 02 RC 5= 0.6412E 02 RC

FOPT 6= 0.1452L 01
RC 1= 0.1093E 01 RC 2= 0.1166E 01 RC 3= 0.1966t 01

RC 4= 0.6282E 01 RC 5= 0.2254E 02 MC 6= 0.85721 02

RC

FOPT 1= 0.1437L- 01
RC 1- 0.1093t 01 RC 2= 0.1166E 01 RC 3= 0.1b52L 01

RC 4= 0.3947L 01 RC 5= 0.1190E 02 RC 6= 0.35b7t 02

RC 7= 0.1081E 03 RC

FOPT 8= 0.1436E 01
RC 1= 0.1093E 01 RC 2= 0.1166E 01 RC 3= 0.1559E 01

RC 4= 0.3129E 01 RC 5= 0.7924E 01 RC 6= 0.20U7C O

RC 7= 0.5083E 02 KC 8= 0.1287C 03 RC

FOP 9= 0.1443E 01
RC 1= 0.1093E 01 RC 2= 0.1166E 01 RC 3= 0.1471L 01

RC 4= 0.2629E 01 KC 5= 0.5593L 01 RC 6= 0.12b1 0?

RC 7= 0.2844E 02 RC 8= 0.6412L 02 RC 9= 0.1446C 03

RC

FOPT 10= 0.1453h 01

RC 1= 0.1093E 01 RC 2= 0.1166E O KC 3= 0.1388L 01

RC 4= 0.2208E 01 RC 5= 0.4183t: 01 RC 6= 0.6396L 01

RC 7= 0.1787E 02 RC 8= 0.3802C 02 RC 9= Q.bOBVE (,7

RC 10= 0.1624E 03 RC
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OPTIMUM VENUS H-TRAJECTURY FOR ORbITAL RAN,- = 1.1 TO 6.1

INPUT DATA

G= 0.8150L 00 VIN= 0.9300G:-Ol RIN= 0.1780L C-3
RS= 0.91OOL 00 VERR= O.IOOOE-O0 VRER= I .C00.L-)2

LCCAL NORMALIZATION UATA

VCS(K/S)= 0.7255bE 01 KS(K)= 0.6179% Ot
VIN(NCRM)= 0.3820E-00 FIER= 0.9967E-01 DELFI= 1.OOO-02

THEORETICAL OPTIMUM TRAJECTORY
RUX= 0.1485E 02 DVX= 0.2595E-00 FIX= 0.113bC-O0

ROX(K)= 0.9174E 05DVX(K/S)= 0.1883E 01 FIX(D)= 0.650(E 01

INPUT DATA
kOR= 0. RMAX= O.6100E 01 RMIN= O.1100[ 01

RERR= 0.IOOOE-0O

OPTIMUM REFERENCE TRAJECTORY VALUES
ROR= 0.6lOOC 01 FIIN= 0.61051-01 FIIN(D)= 0.34981 01

OUTER ERROR ANALYSIS
RLIM= 0.6610E 01 VI= 0.3839E-00 FII= 0.1607E-O0

REFERENCE TRAJECTORY PARAMETERS
FI(D)= 0.3676E 01 PSI(D)= 0.2385E 03THEFA(D)=-0.4924L 02
OVT= O.1180E 01 DVO= 0.1006[ 01 DV= 0.1746L-06
RO= 0.6100t 01 A= 0.8658E 01 H= 0.4062E 01
EC= O.1705E 01

INNER ERROR ANALYSIS

RLIM= 0.1090E 01 VI= 0.3839E-00 FII=-O.3862E-O1

REFERENCE TRAJECTORY PARAMETERS

FI(D)= 0.3653E 01 PSI(D)= 0.1238E 03THETA(D)= 0.5401E 02
LVT= 0.1187E 01 DVO= 0.1012L 01 UV= 0.1746E-00
RO= 0.b100E 01 A= 0.8492E 01 H= 0.4073L 01
EC= O.1718E 01
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OPTIMUM VENUS h-TRAJECTu.fRY FOR ORBITAL RANGE = 1.1 TO 6.1

N-CORRECTION IMPULSE TOTALS

OUTER ERRORS

FOPT 1= 0.3815C 07 RCO= 0.

FOPT 2= 0.1212C 01
RC I= 0.6609E 01 RC 2= 0.5522E 02 RC

FOPT 3= 0.1218E 01
RC 1= 0.6609C 01 RC 2= 0.5522t 02 RC 3= 0.9915E 02
RC

FOPT 4= 0.1230L 01
RU 1= 0.6609E 01 RC 2= 0.5522E 02 RC 3= 0.8639L 02
RC 4= 0.1262E 03 RC

FOPT 5= 0.1243E 01
RC 1= 0.6609E 01 RC 2= 0.5522E 02 RC 3= 0.8064E 02
RC 4= 0.1099E 03 RC 5= 0.1448E 03 RC

FOPT 6= 0.1257h 01
RC 1= 0.6609E 01 RC 2= 0.5522E 02 RC 3= 0.7792L 02
RC 4= 0.1026E 03 RC 5= 0.1306E 03 RC 6= 0.1551E 03
RC

FOPT 7= 0.1270E 01
RC 1= 0.6609E 01 RC 2= 0.5522E 02 RC 3= 0.7792E 02
RC 4= 0.1026E 03 RC 5= 0.1262L 03 RC 6= 0.1499E 03
RC 7= 0.1662E 03 RC

FOPT 8= 0.1284E 01
RC 1= 0.6609E 01 RC 2= 0.5522E 02 RC 3= 0.7792E 02
RC 4= 0.1026L 03 RC 5= 0.1262L 03 RC 6= 0.1448E 03
RC 7= O.1605E 03 RC 8= 0.1720C 03 RC

FOPT 9= 0.1298E 01
RC 1= 0.6609E 01 RU 2= 0.5522L 02 RC 3= 0.7792E 02
RC 4= 0.1026C 03 RC 5= 0.1262E 03 RC 6= 0.1448L 03
RC 7= 0.1605E 03 RC 8= 0.1662E 03 RC 9= 0.1720E 03
RC

FOPT I0= 0.1312E 01
RC 1= 0.6609E 01 RC 2= 0.5522E 02 RC 3= 0.7528E 02
RC 4= 0.9915L 02 RC 5= 0.1219E 03 RC 6= 0.1399E 03
RC 7= 0.1551E 03 RC b= 0.1605k 03 RC 9= 0.1662k 03
RC 10= 0.1720E 03 RC
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Ot:TIMUli VENUS H-TIAJECTORY FOR ORBITAL RANGE = 1.1 TO 6.1

N-COtRRECTION IMPULSE IOIALS

INNLK KJRiKS

FOPT 1= 0.1241E 01 RCO= 0.4634E 01

FUPT 2= 0.1239E 01
kC 1= 0.5300L 01 iiC 2= 0.9255C 02 RC

FOPI 3= 0.1251E 01

RC 1= 0.5417E 01 I RC 2= 0.7792C 02 RC 3= 0.121:)L" 03

FOPT 4= 0.1264E 01

RC 1= 0.5459E 01 RC 2= 0.72 7 3E 02 MC 3= 0.1026L 03

KC 4= 0.1399L" 03 RC

FOP] 5= 0.1277E 01
RC 1= 0.5479E 01 RC 2= 0.7027L 02 kC 3= 0.9579k 02

RC 4= 0.1219E 03 RC 5= 0.1499E 03 RC

FOP] 6= 0.1291E 01

KC 1= 0.5419 01 RC 2= 0.7027L 02 KC 3= 0.925 02

RC 4= 0.1178L 03 RG 5= 0.1399E 03 RC 6= 0.1605k 0.'

KC

FOPT 1= 0.1305E 01
RC 1= 0.5479E 01 RC 2= 0.7027k 02 RC 3= O.9255L 02

RC 4= 0.1178L 03 RC 5= 0.1399E 03 RC 6= 0.1605t 0)

RC 7= 0.1720E 03 RC

FOPT 8= 0.1319E 01
RC 1= 0.5419E 01 RC 2= 0.7027E 02 RC 3= 0.9255: 02

RC 4= 0.1178E 03 RC 5= 0.1399L- 03 kC 6= 0.1551L 03

kC 1= 0.1662E 03 RC b= 0.1720E 03 RL

FOPI 9= 0.1333E 01
RC 1= 0.5479E 01 RC 2= 0.7027E 02 RC 3= 0.9255 02

RC 4= 0.1138L 03 RC 5= 0.1352L 03 RC 6= 0.1499E 03

RC 7= 0.1605E 03 RC 8= 6.1662E 03 RC 9= 0.1720L 03

RC 
.

FOPT 10= 0.1346E 01
RC 1= 0.54799E 01 RC 2= 0.7027L 02 RC 3= 0.9255h 02

RC 4= 0.1138E 03 RC 5= 0.1306E 03 RC 6= 0.1448E 03

RC 7= 0.1551E 03 RC 8= 0.1605L 03 RC 9= 0.1662E 03

RC 10z 0.17201 03 RC
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OPTIMUM VENUS H-TRAJECTORY FOR ORBITAL RANGE = 1.1 TO 16.1

INPUT DATA
G= 0.615OE 00 VIN= 0.9300E-01 RIN= 0.1780E 03
RS= 0.9700E 00 VERR= 0.1500E-01 VRERR= O.1500E-O1

LOCAL NORMALIZATION DATA

VCS(K/S)= 0.7255E 01 RS(K)= 0.6179E 04
VIN(NURM)= 0.3820E-00 FIER= O.1500E-01 DELFI= OS.1500-OL

THEORETICAL OPTIMUM [RAJECTORY
ROX= 0.1485E 02 DVX= 0.2595E-00 FIX= 0.1136E-00

ROX(K)= 0.9174E 05UVX(K/S)= 0.1883E 01 FIX(D)=O.6501L 01

INPUT DATA
ROR= 0. RMAX= 0.1610E 02 RMIN- O.IIOOE 01

RERR= O.1000E-00

OPTIMUM REFERENCE TRAJECTORY VALUES
ROR= 0.1485E 02 FIIN= 0.1136E-00 FIIN(D) = 0.6507E 01

OUTER ERROR ANALYSIS
RLIM= 0.1761L 02 VI= 0.3821L-00 FII= 0.1286E-00

REFERENCE TRAJECTORY PARAMETERS
FI(D)= 0.6948E 01 PSI(D)= 0.2256E 03THETA(D)=-O.3822E 02

CVT= O.O.08E 01 DVO= 0.9904E 00 DV= 0.1721E-01
RO= 0.1610F 02 A= 0.7571t 01 H= 0.8152E 01
EC= 0.3126L 01

INNER ERROR ANALYSIS
RLIM= 0.1090E 01 VI= 0.3821E-00 FII 0o.9857E-01

REFERENCE TRAJECTORY PARAMETERS
FI(D)= 0.5620E 01 PSI(D)= 0.3613E 03THETA(D)=-O,1757E 03

UVT= O.1003L 01 DVO= 0.10gE 01 DV= 0.9691E-02

RO= 0.1229E 02 A= 0.7317E 01 H= 0.6703E 01

EC= 0.2680E 01
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OPTIMUM VENUS H-TRAJECTORY FOR ORBITAL R ANGE = 1.1 TO 16.1

N-CORRECTION IMPULSE TOTALS
OUTER ERRORS

FOPT 1= 0.3815E 07 RCO= O.

FOPT 2= 0.1049E 01
RC 1= 0.1758E 02 RC 2= 0.9882E 02 RC

FOPT 3= 0.1068E 01
KC 1= 0.1758E 02 RC 2= 0.9882E 02 RC 3= 0.1359C 03
RC

FOPT 4= 0.1090E 01
RC 1= 0.i758E 02 RC 2= 0.9882E 02 RC 3= 0.1263E 03
RC 4= 0.1536E. 03 RC

FOPT 5= 0.1111 01
RC I= 0.1758E 02 RC 2= 0.9882E 02 RC 3= 0.12u2L 03
RC 4= 0.1428E 03 RC 5= 0.1614E 03 RC

FOPT 6= 0.1133E 01
RC 1= 0.1758E 02 KC 2= 0.9882E 02 RC 3= 0.1202E 03
RC 4= 0.1393E 03 RC 5= 0.1575E 03 RC 6= 0.1695E 03
RC

FOPT 7= 0.1155E 01
R I= 0.1758E 02 RC 2= 0.9882k 02 RC 3= 0.1202L 03
RC 4= 0.1393E 03 RC 5= 0.1575E 03 RC 6= 0.1695E 03
RC 7= 0.1737E 03 RC

FOPT 8= 0.1177E 01
RC 1= 0.1758E 02 RC 2= 0.9882E 02 RC 3= 0.1202L 03
RC 4= 0.1393E 03 RC 5= 0.1536L 03 RC 6= 0.1654L 03
RC 1= 0.1695E 03 RC 8= 0.1737L 03 RC

FUPT 9= 0.1199E 01
RC I= 0.1758E 02 RC 2= 0.9882E 02 RC 3= 0.1202L 03
RC 4= 0.1393E 03 RC 5= 0.1536E 03 RC 6= 0.1614L 03
RC 7= 0.1654E 03 RC 8= 0.1695E 03 RC 9= 0.1737E 03
RC

FOPT 10= 0.1221E 01
RC 1= 0.1758E 02 RC 2= 0.9882E 02 RC 3= O.1173L 03
RC 4= 0.1359E 03 RC 5= 0.1499E 03 RC 6= 0.1575L 03
RC 7= 0.1614E 03 RC 8= 0.1654E 03 R 9= 0.1695t 03
RC 10= 0.1737E 03 RC
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OPTIMUM VENUS H-TRAJECTORY FOR ORBITAL RANGE = 1.1 To 16.1

N-CORRECTION IMPULSE TOTALS
INNER ERRORS

FIPT 1= 0.1029E 01 RCO= 0.9703E 01

FOPT 2= 0.1051E 01
RC 1= 0.9768E 01 RC 2= 0.1732E 03 RC

FOPT 3= 0.1074E 01
RC 1= 0.9832E 01 RC 2= 0.1686E 03 RC 3= 0.1732E 03
KC

FOPT 4= 0.1096E 01
RC 1= 0.9894E 01 RC 2= 0.1640E 03 RC 3= 0.1686E 03
RC 4= 0.1732E 03 RC

FOPI 5= 0.1119E 01
RC 1= 0.9954E 01 RC 2= 0.1596E 03 RC 3= 0.1640E 03
RC 4= 0.1686E 03 RC 5= 0.1732E 03 RC

FOPI 6= 0.1141E 01
RC 1= 0.1001E 02 RC 2= 0.1553E 03 RC 3= 0.1596L 03
KC 4= 0.1640E 03 RC 5= 0.1686E 03 RC 6= 0.1732E 03
RC

FOPT 7= 0.1164E 01
RC 1= 0.1007E 02 RC 2= 0.1511E 03 RC 3= 0.1553E 03
RC 4= 0.1596k 03 RC 5= 0.1640E 03 RC 6= 0.1686E 03
RC 7= 0.1732E 03 RC

I-OPT 8= 0.1187E 01
RC 1= 0.1013E 02 KC 2= 0.1471E 03 RC 3= 0.1511E 03
RC 4= 0.1553E 03 RC 5= 0.1596k 03 RC 6= 0.1640E 03
RC 7= 0.1686E 03 RC 8= 0.1732E 03 RC

FUPT 9= 0.1209E 01
RC 1= 0.1018L 02 RC 2= 0.1431E 03 RC 3= 0.1471E 03
KC 4= 0.15111 03 KC 5= 0.1553E 03 RC 6= 0.1596E 03
RC 7= 0.1640E 03 RC 8= 0.1686E 03 RC 9= 0.1732E 03
RC

FOPT 10= 0.1232E 01
RC 1= 0.1023E 02 RC 2= 0.1393E 03 RC 3= 0.1431L 03
RC 4= 0.1471E 03 KC 5= 0.1511E 03 RC 6= 0.1553E 03
RC 7= 0.1596E 03 RC 8= 0.164CE 03 RC 9= 0.1686E 03
RC 10= 0.1732E 03 RC
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theoretical optimn radius for the Mare A-Trajectory lay inside the

planet surface, and, therefore, inside of the 1.1R. inner rangs limit.

The optimum radius for the Vemie H-Trajectory lay outside the 6.iRs

outer limit, so an additional case with a larger range, 1.1KR to 16.1K.,

was also computed for comparison.

Additional information, which includes the correction radii grids

and possible orbital radii, for each trajectory problem is contained in

Appendix 3, on pages 296-31.2.- It. is interesting to note that, as in

previous results, sequence of corrections are nearly geometrically

spaced in these results (see page 119).

Comparison of Optimal Sequence Processes

The comparison of the optimal sequence processes for fixed and

variable orbits, which were discussed in this text, is difficult, for

two reasons:

(1) the analysis for the fixed trajectory sequences, in Part I,

assumed a constant error magnitude, while the variable-orbit

sequence, in Part II, assumed an error equal to a constant

percentage of the reference velocity magnitude, which varies

with R;

(2) the square root of the sum of the squares of the errors was

used in the first case, while an envelope of errors was used

in the second.

To allow some means of comparison of the two sets of results, the

following procedures were followed. First, errors of the ese order of
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magnitude were used in both problems. In the fized-orbit case, an error

of 0.O01 (29.9) was used. Since the initial velocity for the Mars H-

Trajectory is 0.089(29.9)km/sec, the initial error is approximately 1.6o

and the pericenter error is about 1.2% (corresponding to a pericenter

velocity of 3.70 km/sec). Therefore, a 1.5% error was used throughout

the variable-orbit problem.

To provide a basis for comparison of the error-envelope sum with

the other error sum, an error distribution similar to a sinusoidal die-

tribution was assumed, such that the root-mean square of the errors is

.707 times the maximum error sum. The root-mean-square values for the

inner and outer error analyses are then averaged, because it is assumed

that they will be equally probably. This average is computed for the

Mars -Trajectory in Table XII, and compared to the results of Program 3

in Table XIV; however, the actual data from Program 3 is first converted

in Table XIII to a percentage of increase over the theoretical optimum

impulse. The n in Table represents the optimum mmber of corrections.

There is poor correlation between the results of Programs 3 and 9 for

fixed orbits; although they are the same order of magnitude, the values

from Program 8 should be smaller. Two factors which may cause this

discrepancy are: first, the majority of the correctione are made near

orbit where the difference in assumed errors in the two programs is the

greatest, and secondly, the radius grid of 100 is rather coarse and seemed

to cause a deterimental effect on the accuracy of the approximations,

which are inherent in the program. Due to time limitations this study

could not be further developed. It would be desirable to decrease the
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Table XII

Average Correction Impulses
for Program 8

&CVz ourt AV% twt4 &AVz 9v~VA 4AVe

Mars H-Trajectory

Fixed orbit .158 .18 .376 .266 .133
Large init. error .170 .183 .353 .250 .125
Small init. error .143 .130 .273 .193 .097

Mars k-Trajectory .173 .436 .609 .430 .215
Venue H-Trajectory

1.1 to 6.1 range .212 .239 .451 .319 .160
1.1 to 16.1 range .049 .051 .100 .071 .035

Table XIII

Conversion of Program 3 Data

Mare H-Trajectory

1.865 .0225 3.985 .0897

Table XIV

Comparison of 7imed and Variable Orbit
Correction Sequences

Mars H-Trajectory

Method of Analysis V n

imed trajectory (Program 3) .0897 6
Fixed orbit (Program 8) .139 4
Range of orbits (Program 8)

with large init. error (10%) .125 2
Range of orbits (Program 8)

with small init. error (1.5%) .097 2
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allowed error in Program 5, and increase the grid size, to obtain a

better comparison to the two Programs. With some revisions to Program

8, it could be changed to assume the same constant error magnitude as

Program 3, but the value of this is questionable, since the results of

Proeram 9 are consistent among themselves, and. indicate any savings in

impulse would probably be small. It is reasonable that the fixed orbit

case would require more impulse and a larger number or corrections than

the variable orbit case. This is apparent from Table XIV, along with

the fact that the larger error at the sphere of influence requires more

impulse than the smaller error.

Table XV shows a comparison of cases with theoretical optimum radii

within (Mars 1) inside of (Hars A) and outside of the selected orbital

range. (The reduction of the data to final form is shown in Table XII.)

The two cases for which the optimum orbit is not within the range require

higher corrective sums. A large reduction in corrective sum was achieved

by increasing the allowable orbital range to include the theoretical

optimum radius.

Table XV

Comparison. of Correction Sequences for Various

Trajectory Classes & Ranges of Orbits

Trajectory Class Range aV n

Mars N 1.1-6.1 .09T 2
Mars H 1.1-6.1 .215 2-9
Veuei H 1.1-6.1 .160 2
Venus H 1.1-16.1 .035 2
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Linear Perturbation Analysi

The results of Programs 9 and 10 are on page 135. These results

confirm the fact that a 900 error angle or cross component of velocity

error causes a maximum perturbation in orbital radius. The maxium

perturbation in orbital-injection impulse is also very nearly 900 for

small path angles near the sphere of influence. 0v decreases for

increasing path angles at both the sphere of influence and along the

theoretical reference trajectory.

Solution Times

The solution times required for one individual case on the ITh 7090

computer we shown in Table XVI.

Table XVI

Solution Times

Method of Solution Time per case

Pized trajectory

Tra ene's Method 1 sec
Dynamic Programming 4 min

(500-radii uni. grid)

Range of Orbits

2-stage 10 sec
Dynamic Programming Sequence 2 min

(100-radii geom. grid)

The table indicates that the simplified approach used by Dr. Traenkle

requires a very small fraction of the time required by dynamic programming

program. The time comperison indicates that the finer the radius grid for

dynamic programming the more Solution time in required.



GA/PHYS/63-5,6

LINEAR PERTURHATICN THEORY--THEOR.CPT.RFF.TRAJ.

RIN= 0.326CE C3 VIN= 0.7424E OC

R/RS THETA V (C) THETA R D)
I 0.362qE Cl -0.8342E CO C.7131E 02
2 0.459HE Cl 0.3121E C2 C.81C6E 02
3 C.5826E Cl 0.4421E C2 C.798E 02
4 0.7382E Cl C.5363E C2 0.7VSE C2
5 C.9354E Cl 0.6C88E C2 C.8C8lE 02
6 C.1185E C2 0.6664E C2 0.8186E 02
1 C.15C2E C2 0.7127E C2 C.82SEE 02
R C.lqC3E C2 C.75CCE C2 C.84CCE C2
9 C.2411E C2 C.78CIE C2 C.85C4E C2

10 0.3055E C2 0.8C43E C2 C.85S1E 02
11 0.3872E C2 0.8238E C2 0.8665E C2
12 C.49C6E C2 C.8394E C2 0.8726E C2
13 0.6216E C2 0.851SE C2 0.8781E 02
14 0.7877E C2 0.86leE C2 C.8824E 02
15 0.998CE C2 0.8691E C2 0.8859E 02
16 0.1265E C3 (.876CE C2 0.88e7E C2
17 0.16C2E C3 C.881CE C2 C.891CE 02
18 0.2030E C3 C.885CE C2 0.8929E 02
19 0.2573E 03 0.8881E C2 C.8943E C2
20 0.326CE C3 C.8906E C2 C.8955E 02

LINEAR PERTURHATION THEORY--AT SPHERE OF INFIUENCE

RIN= 0.326OE C3 VIN= 0.8900E-01 G= C.1080E-O0 RS= 0.5

FI(D) THETA V (D) THETA R (D)
i 0.100CE-0C 0.8;9CE 02 0.89CE 02
2 0.200CE-00 0.8980E 0? 0.8982E 02
3 0.3000E-00 0.8967E 0? 0.6975L 02
4 0.4r0CE-O0 0.8942E 02 0.8969E 02
5 0.50Oc[-oC 0.8685E 02 0.8965F 02
6 0.600CE 0C 0.8762E 02 0.8962C C2
7 0.70001 00 0.34942 02 0.8959F 02
8 0.ancOE 0C 0.7881E 02 0.8957E 02
9 0.900CE 00 0.6292E Cz 0.8955E 02

10 1.OOO0E 00 0.2128E 02 0.8954F 02
11 0.110E 01 0.1579E 03 0.8953E 02
12 0.1200E 01 0.1412E 03 0.8952F 02
13 0.130CE 01 0.1354E 03 0.8951E 02
14 0.1400E 01 0.1334E 03 0.8950E 02
15 0.1500F 01 0.1332E 03 0.8949F C2
16 0.16CCE 01 0.1340E 03 0.8949E 02
17 0.17OCE 01 0.1352E 03 0.8948!i 02
18 0.1800E 01 0.1367E O 0.8949F 02
19 0.19CCE 01 0.1384E 03 0.8947E 02
20 0.2C0CE 01 0.1402E 03 0.8947r 02
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General Conclusions

One of the most significant results of the studies in this thesis

is the confirmation that a geometrical spacing of corrections is an

optimum configuration. Separate studies have also confirmed the fact

that cross components of error velocity have the greatest effect on

the orbital radius. Also, for small errors on the order of 1% of the

velocity magnitude, the total implse san is a small percent of the

Basic Velocity Sum, in all cases it was less than 54. Some savings

can be made by correcting to a fixed orbit rather than fixed trajectory,

and an additional saving can be obtained by allowing a raing of orbits

rather than correcting to a predetermined radius. 3t these savings

are a very small percentages of the Basic Velocity Sum for small errors.

Unless the amount of fuel is very critical or the errors encountered are

very lage, the savings in fuel empended ma not offset the additional

time and oompleity of the calcuations for the orbital range.
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Appendlz A
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(Sphere of Ilfnuence Entry Error MAlysis)
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UT0H TWC-STFPs VAR~IABLE COLLISION ANGLE PROBLE-M

DIWELNSICN FI(1'fl,TIILE( I2)TIILE2(12)
CUAL=C.C
Fl C )=1 .570179633

C. WjITE THE VARIAHLE ANG;LE CONDITINS
DC 4 1=2,19

4 Fl (I )=FI ( -1)-0.17453293
10 RtAD INPUT TAPE 2,201,TITLEGRINRPLAN
201 FCRMAT (12A6,/3EI2.O)

RIN=RIN'PPLAN
11 R:AD INPUT TAPE 2,202,VIN,TIILt2
202 FCRMAT (E12.0,/12A6)

C CCMPUTE OPrIVAL PARAMIETCRS
V IN=V I N29.*
VIN2=VIN*VIN
E C=VIN 2 /2.*0- G/ RI N
V IN F N=SO [F C2.*0 * Ef!)
RC.=2.O*G/ (V INFN**2)
IF CRC-I. * RPLAN )2, 3,3

? RC=1.1iIRPLAN
3 AC=G/C2.OwEC)

ECCC= CRC/AC [41.0
BC=AC*SCRTF( (ECCO*ECCC)-1.0)
F IC =ASl1N(C 0/ RIN)
VCC=SCRTF CG/RC)
VCP=SQRTFCG*(2.0/Rn+l.O/AC))
DVC=VGP-VCC
DvCN=I3VC/29 .8
RCN=RC/RPLAN
WRITE OUTPUT TAPE 3,30l.TlTLE,TITLE2#DVCN*RON

301 FCRVAT (lh1.,12A6,/ 12A6, /10X,5HCVCN=EI2.5,
15X ,4HkCN=E 12.5)

C CCjMPI.TE THE VE-LCCITY CORRECTIONS
DC 5 1=1, 19
H=RIN*VIN*SINFCFIC 1))
B=SQRTF(U-uH)/(2.0*EG))
BR =B/BC
DF I=ABSF F IC-FICI))
0V=SQRTFC2.0*VIN2*Cl.0-COSFCCFI)))
DVN=(CV/CVc). 100.0

5 WRITE OUTPUT TAPE 3,302,13R,DVN,FICI)
302 FORMAT C1OX,3H8R=LLO.4,4X,3HCV=EI2.5,4X,6HFI( I)=E11.4)

OUAL=L)UAL+ 1.0
IF CIUAL-4 .0 ) I, 10, 11
ENCU(1,C,C,0,C,0,1,0,0,l,0,0,C,C,C)
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GA/pbys/ 6 3-5 ,6

f)A0-STEP, vARIARLE COLLISION AN GLE PROBLEM--VNUS

CLA~SS
uvCN= C.62 45E-Cl RON= C.1495BE 02

3R=G.8075E Cl 0~v= 0.19496E: 03 FIJ I)= 0.1571L Cl

bK=0.7952E Cl CV= 0.174~87" 03 FI(1)= 0.13(36E 01

iR0.758 01 fl's 0.1534s'E 03 F1(1)= 0.1222E C1

i0z.69%E Gl CV= 0.13085E C3 Fj(1h= C.1047E Cl

D00.6186E 01. (>= 0.1.0726E3 C3 FI(1)= 0.8727E CC

bi 0.5<J0E 01 CV4= 0.828i52E 02 F I( I) 0.6 98 1 E 00

ii=0.4037E 01 GV= 0.51616E 02 FIJI)= o.5236E 00

C<=o.?762E 01 (>4= 0 .3233cE~ C2 Fit I)= C.3491E-00

(3R=0.1*
02 3 01. 1= 0.6616dic Cl fII I)= 0.1745E-00

i0o. 6016F'06 cV= 0.19157E C2 II=o.15EC

B3=0.14C2E 01 1>V= 0.'44784E C2 Ft(1[=-C.1745E-CC

6KR0.2762E 01 c4= 0.10070(3 C2 F1II)=-C.3491E-CC

'jR0.403'l 01 DV 0.94824E3 02 Frl0-.5236E 00

bt<=C.
5 19 0 E 01 DV= 0.11886E C 3 F I( I)=0.6981E 00

Lii=0.6186E al CV= 0 L.41931 C03 F I (1)=-0.8727E 00

IR=C.6993E 0.1 v= o.164013C C 3 F I( H=-G.1O
4 7 01

bR=.75F8E 0a. cV= 0.18483E C3 Fit )=-C;.1222E 01

BR=0.795?L c1 CV= 0.20422Ei 03 F1(I)z-0.1
3 36 E 031

BR=0.F075C Cl DV= 0.22205E C3 Fl(1)=-0.l571E 01

1( C-STEPP VARIAHLE CCLLISICN ANG;LE PROBLEM---VENUS

CLASS
DVCN= C.629Yi5E-01 RON= C.14958E 02

bR=C.1402E Cl GV= 0.66164E3 Cl Flt1l= 0.l'7ttE-CC

btzO.1263E 01 UV= 0.40382E3 Cl Fltl)= C.1571(3-00

R0.1124E 01 GV= C.14597E Cl FIJI)= 0.1396E-00

IBs=0.9841E CC ov= o.11192E Cl FI(I)= 0.1222E-00

HN:0.8440E 0C CV= 0.36918(3 Cl FIJI)= C.1.0'7E-CC

BRz0.7C38E 00 cV= 0.621613 Cl FII) C.872'IE-Cl

bK0.5633E 00 0v= 0.885393 Cl FI(H= 0.6981(3-Cl

tif@0.4226E-OC CV= C.1143lt 02 Ft(Il= C.5236(3-Cl

bR=0.2818E-CO CV= 0.14CCIE C2 FIJI)= C.3491E-Cl

Mi=C.IAC9E-00 CV= 0.16583E3 02 FII)= '.1.745(3-Cl

K~C.6016E-C7 CV= 0.1.9157E 02 FlII)=-0.741E-08

B~z0.14C9tE-00 CV= 0.21729E C2 FI(I).-0.1745E-0
1

b~zC.2818E-00 GV= 0.24300E 02 FI(t)=-C.34G1E-01

Bk=0.4226E-0O 0V= 0.2L86SE C2 Fltl)=-C 5236E-01

b3i=.5633E CO [= 0.29436L 02 Flt)=06
9 8 1 E-0 l

iARz0.7C3bE 00 UV= 0.32001E3 02 FI(I)=-C.bl27E
1

(R=C.8440E 00 CV= 0.34563E3 C2 FI(I)=-C.10A(340C

8R=0.9841E 00 CV= 0.37123E3 C2 FI(J)=-0.j2
2 ZE-00

HK=C.11243 01 CV= 0.39680i: 02 l)0.
3 bO
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GA/Pbys/ 63-5 .6

IO-STEP, \IAA1A9.LL COLLISION ANGLE PROBLEM --VENUS

CLASS A
UVCN= 0.16650E-CO RON= C.21378E 01

BR05f3 02 OV= 0.19943E C3 Fi(l)= G.157LE Cl

b,=C.5360C 02 GV= 0.18097E 03 Fltl)= 0.1-316E 01

bk=0.5115E 02 CV= 0.16113E 03 V1111= 0.1222E Cl

6K=0.471 4E 02 [)V= 0.14006E C3 FI(I)= C.1047fh 01

t6f=0.411OE C2 DV= 0.11792E 03 FI(1)= C.8727E CC

biv=0.349'Th 02 DV= 0.94891E C2 FltI)= 0.6961L~ CC

!UR=O.2722E 02 OV= 0.11136E C2 F111)z '3.52361 CC

Bl<=O.1862E 02 CV= 0.46641F- C2 F[(l)= C.34 1E-CC

E i<=0.9452C U1 ()V* 0.22183C C2 FUl)= C.1745E-00

bR=3.4055E-C5 QV= 0.26323E 01 FI(l)=-C.74
5 1 E-O1

Ok=0.945
2 E Cl DV= 0.2'1433E 02 Fl(lI'-C.1745E-C£

HRi=0.1862E C2 PV= 0.5202! E C2 FI(l)C.3431E-
0 C

BR=0.2722E 02 GV= 0.76222E C2 FltlI=-C.
5 23 6 E 00

BR=0.3
4 q9 E 02 GV= 0.99838EL C? FI(l)=-C.

6 961 E 0C

R=0.4170E 02 [)V= 0.1226SE C3 Fl(l)=-C.8727E CC

BR=0.471
4 E 02 GV= 0.14462E~ C03 FI(.i1=-C.1047E Cl

3R=0.5115E C2 DV= 0.16544E C3 Flt1)=-C.l?
2 220 Cl

BR=0.r5
3 60E 02 GV= 0.18500E 03 FI(l)=-0.1

3 9 6 E 01j

bk=0.5443E 02 DV= 0.20316E 03 FHIl):-0.1511E Cl

TiNO-STEP, YA91IABLE COLLISION ANGLE PROBLEM ---VENU S

CLASS A
uvCN= 0.16650E-00 RON= 0.21378E 01

B3R0.9452E 01 CV= 0.224.89E 02 Flt 1)= 0.1.745E-CO

BR=0.8515E 01 CV= 0.19111E £2 Fl(I)= C.1571E-c£

IR=0.7575E 01 DV= C.17232E C2 Flt I)= C.139;6ECC

BK=0.66
34 E 01 CV= 0.14752E £2 F111)= 0.12221:-CC

HR=0.5690E 01 uv= 0.1227CE C2 FI(U) C.1047E-CC

RR=0.4744E 01 CV= 0.97816E 01 Fl(I)= C.872IE3-C1

E3IV0.37
97 E 01 Cv= C.73043E Cl FltI)= C.69dlE-'Ol

BkRi.2849E 01 CV= 0.48206E: Cl F1II)= C.5236E-Ol

lbH=0.1900E 01 cv= 0.23365E Cl F1(1)= 0.3491E-Cl

PH=0.95001: 00 CV= 0.1484&E-00 FltI)= 0.1745E-Cl

ZR=G.4055E-G
6  CV= 0.26323E 01 Fltl)0.74'.1E

0 8

BR=O.9500E 00 U~v= 0.51164E C1 Ft(I)=-C.17et5F-(A

BR=C.1900E Cl uv= 0.7600100C1 Fl(l)=-0.349lIE-Cl

6i =0.2849E 01 CV= 0.10083E 02 0111)=-C.5236E-C1

IR0.3797E 01 OVz 0.12566f 02 Fl)-.9l1C

R0.4744E 01 (V= 0.150411- 02 FI(I)=-C.8727E-Cl

HR<=0.56
90E Cl CV= 0.17527E 02 Flll1)=-(.17E-CC

BR=0.66
3 4 E 01 cV= 0.2000CE C2 FlII)=-C.122ZEO0C

b=0.1575E 01 OV= 0.22484E C2 Flt I)=-0.1336E-CC
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OI/Pbya/63-5,6

fAC-STEP, VA~1MA.LE CCLLISIGN ANGLE PROBLEM---VENUS
CLASS C
CVCN= 0.31859E-CO RCN= C11CCOE 01
BR=C-119LE C3 GV= 0.1'3582E C3 FI(I)= C.l571'E Cl
hK=0.l177E C3 CV= 0.17186E C3 FI(I)= C.13c36E Cl
fR=0.il24E C3 GV= 0.15855E C3 FICI)= 0.1222h. Cl
HKC0.1035E 03 UV= 0.13804E C3 FlUI)= C.104i7f Ci
C R=.9159E 02 GV= 0.11647E 03 Fl( 1)= (.8727E CC
BR=0.7686E 02 CV= 0.9402CE C2 FIC I)= 0.6981F Ca
8k!R0.5978E C2 LV= 0.10851E C2 F1(1)= C.5236E CC

b~.4089E C 2 CV= 0 .47i143E 0 2 F I( I ) C.34(Y1E-CC
t3R'C.2076E 02 CV= G.23C77E 02, Flt1)= 0.17450-CC
6k=G.8908E-C5 Cv= 0.-11653E clI FI ( I )-C .74-31E-C 1
LR=O.2076E 02 I)V= 0.253930E C2 PI(I)=-C.17/45E-C0
lik=C.4089E 02 DV= C.49436E C2 FI)'-C.3491E-OC
bR=0.5978E 02 UV= 0.73102E C2 Fl( l)'-C.5236E00C
bk=C.7686E 02 GV= 0.96209,r_ C2 Fl(l)=-G.'6981E CC
6R=0.9159E 02 UV= 0.11858E C3 Fl(l)z-C.8727E CC
HR'C.1035E 03 GV= 0.1400CE C3 FI(I)=-C.1047E Cl
ilR=0.1124E C3 DV= C.160'.6E 03 FI(I)=-G.1222E Cl
tbk=O.1177E C3 CV= 0.17965C C3 FI(l)=-0.l396E 01
bK=0.1196E 03 DV= 0.19747E C3 PI(1)=-C'.l51IE Cl

r6C-STEP, VAR1AOLE COLLISICN ANGLE PROHLEtv---VENLAS

CLASS C
DVON= 0.31859E-00 RUNz 0.110000 01
BR=0.2076E 02 CV= C.23077E C2 P1(H= )'0.1'745E-CC
llk=0.1870E 02 CV= 0.20658E C2 PFll)= C.1571E-CC
1R=0.1664E 02 CV= G.18237E 02 P1(I)= 0.139360-CC
BR=0.1457E 02 CV= 0.-15 814 E0C2 F I(1I)= 0.12220-CC
8iR=0.1250E 02 C'V= 01.13391E 02 PII)' .C.10410-CC
LR=0.1042E 02 LV= C.1C9660 C2 PI(l)= 0.87210-Cl
CiR=0.8341E Cl uv= 0.85/410001l Fl~l)= 069d10-Cl
Bt<=0.6258E01C CV= 0.61150001l P1(I)= 0.52360-Cl
HR=0.4173E Cl DV= 0.36885C C1 P1(1)' C.34'71E-Cl
iR=C.2C87E Cl CV= 0.12618E001 FlUI)= U.ll45E-Cl
BR=0.890BE-06 CV= 0.11651E0 al F(l)=-C.14i510-C8,
8tR=C.2C870 ClI CV= 0 .359 1931- PIl) =-C,. 1?74i5L-C I
liI=0.4173E 01 CV= 0.60184E001 FI(l)=-C.341E-CI
BR=0.6258E Cl LV= C.8444400 Cl I(1)=-C.5236E-Cl
BR=C.8341E 01 DV= 0.1087000C2 Fl(l)=-tC.69310-01
BR=0.1042L 0? UV= 0.13294E 02 Fi(I)=-C;.8727E-Cl
63R=0.1250E C2 CV= 0.1571000C2 Fl(I)=-C.1047E-CC
RR=C.1457E 02 CV= 0.181400 02 FI(I)=--.12220-CC
BR=0.1664E 02 CV= 0.20561E 02 FI(I)=--C.13:360-Oc



oGmA/P/63-5 .6

r O-STEP, VARIAULE COLLISION ANGLE PROBLEM --- VENUS
CLASS c
DVCN= O.87761E-Cl RON= C.76948E 01
Bk=0.1537E 02 DV= 0.19772E C3 FIUI)= G.1511E Cl
Bk=O.1514E 02 CV= 0.17855E C3 FI(I)= C.1396E 01
BR=O.1445E 02 iJV= 0.15802E 03 FI(Ih= C.1222E Cl
Bk=0.1331E 02 OV= O.1362EE C3 FI(Ih= C.1047E Cl
BR=0.1178E 02 OV= 0.11351E C3 FI(I)= C.8727E CC
iBR=O.9882E 01 CV= 0.89878E C 2 FIC1)= 0.6981L 00
bR=0.7687E 01 CV= 0.65558E C2 FI(I)= 0.5236E CC
ibi=O.5258E 01 CV= C.40'13SE C2 FI(I)= C.34GIE-CC
Bk=C.2670E Cl UV= 0.15611E C2 FI(I)= 0.1745E-CO
iR=C.1145E-05 CV= 0.96369E Cl FI(I)=-C.'1451E-07
,3R=0.267OE 01 CV= 0.34811E C2 FI(I)=-C.1745E-CC
GR=0.5258E 01 CV= 0.59720E C2 FI(I)=-C.3491E-CC
bk=0.7687E 01 UV= 0.84175E C2 Fl(I)=-C.5236E 00
BiR=0.9882E 01 OV= 0.10799E 03 FI(I)=-0.6981E 00;
t3=0.11'78E 02 IJV= (). 13O09 eE C 3 FI(I)=-C.8727E C C
t6K=0.1331E 02 DV= 0.15298E C3 FI(I)=-C.104?E Cl
BR=C.1445E 02 CV= 0.17381E C3 FI(1)=-0.1222E Cl
blv=0.1514E 02 OV= 0.19332E C3 FI(I)=-0.1396E Cl
BR=O.1531F 02 DV= 0.21135E C3 FI(I)=-C.1571E CI

TWO.-STEP, VARIAELE COLLISION ANGLE PROBLEM --- VENUS
CLASS c
UVCN= 0.87761E-01 RON= 0.76948E 01
BH=0.2670E 01 DV= 0.15611E C2 FI(I)= 0.1745E-CO
BR=0.2405E 01 UJV= 0.130882 C 2 FI(I )= C.1571E-00
BR=0.2140E Cl OV= 0.105652 C2 FI(I)= C.1396E-0C
BK=O.1874E 01 DV= 0.80401E 01 FI(I)= 0.1222E-CO
BR=0.1607E 01 CV= 0.55152E Cl FH(I)= C.1047E-CC
Bk=0.1340E Cl GV= 0.29896E Cl FI(I)= C.8727E-Cl
BR=C.1O72E 01 Dv= 0.46436E-CO FI(I)= C.6981E-Cl
BR=O.8046E 00 CV= 0.20616E Cl FI(I)= 0.52362-01
MHR=0.5366E 00 EJV= 0.45871E CI FI(l)= 0.3491E-01
BR=C.2683E-CO CV= 0.71122L Cl FI(I)= C.1745E-Cl
BR=0.1145E-06 CV= 0.9636SE Cl FI(I)=-0.1451E-08
BK=0.2683E-00 CV= 0.12161E202 FI(I)=-0.1745E-01
iR=0.5366E C0 CV= 0.14684E C2 FI(I)=-C.3491E-C1
BK=0.8046E CC GV= 0.17206E C2 FI(I)=-C.5236E-Cl
3R=C.1072E 01 OV= 0.19726E C2 FI(I)=-C.6981E-01
BR=0.1340E 01 CV= 0.22245E 02 FI(I)=-0.8727E-C1
BR=0.160'7E 01 CV= 0.24762E 0 2 FI(I)=-C.1047E-00
BR=C.1874E 01 CV= 0.27278E C2 FI(I)=-C.1222E-00
GR=0.2140E 01 UV= 0.29791E 02 FICI)=-C.1396E-CC



Tha-STEPt VARIABLE COLLISION ANGLE PROBLEM-MARS
CLASS H
DVCNx C.62576E-Cl RON= 0.36714E 01
Hik=C.6220E 02 CV= 0.19951E C3 FI(1)= 0.1571E 01
BR=O.6125E C2 DV= 0.18108E C3 FICI)= C.1396E 01
BR=O.5845E 02 CV= 0.16127E 03 Flt I)= 0.1222E 01
t3R=0.5386E 02 UV= 0l.14023E 03 FI(I)= C.1047E 01
KR=0.4765E 02 DV= 0.11813E C3 FI(I)= C.8727E 00
kR=O.399BE 02 CV= 0.95125E C2 FI(I)= C.6981E CC
BR=O.3110E 02 DV-= 0.71.39tE 02 FI(I)z 0.5236E CC
kR=O.2127E 02 DV= 0.47129E C2 FI(fl= 0.3491E-oC
Bk=0.1080E 02 UV= 0.22500E C2 FI(I)= .C.1745E-CC
BR=0.4634E-05 UV= 0.23000E Cl Fl(I)=-C.'1451E-07
iHR=0.1080E 02 CV= O.27082E 02 FI(I)=-C.1745E-CC
Hk=0.2127E 02 UV= 0.51658E C2 FI(I)=-C.3491E-CC
Bk=0.311OE 02 GV= 0.75841E C2 FI(I)=-0.5236E CC
BR=0.39q8E 02 CV= 0.99447E 02 FI(I)=-C.6981E 00
iR=O.4765E 02 DV= 0.12230E 03 FI(l)=-0.8127E OC
BK=C.5386E 02 DV= 0.14421E 03 Fl(1)=-0.1047E 01
BR=C.5845E 02 CV= 0.16504E C3 Fl(I)=-C.1222E Cl
Bk=0.6125E 02 DV= C.18460E 03 Fl(I)=-0.1396E 01
HR=0.6220E 02 UV= 0.20276E 03 FI(I)=-0.1571E 01

fw0-STEP, VARIABLE COLLISION ANGLE PROBLEM --- MARS
CLASS F
DVCN- 0.62576E-01 RON= C.36714E 01
HR-0.1080E 02 [CV= 0.22500E 02 FI(I)= 0.1745E-CC
HR=0.9.730E 01 CV= 0.20025E 02 FI(I)= C.1571E-CO
HR=O.8656E 01 CV= 0.17548E 02 FI(I)= C.13961E-CO
BR=O.7580E 01 CV= 0.15069E 02 FI(I)= C.1.222E-0
BR:0.6501E 01 UV= 0.12590E 02 FI(1)= 0.1047E-0C
BR=0.5421E 01 DV= 0.1O11OE 02 FI(I)= C.8721E-01
BR=0.4339E 01 0V= 0.76286E 01 FI(I)= 0.6981E-01
bk=0.3255E 01 CV= 0.51468E 01 FI(I)= 0.5236E-01
BR=0.21'71E 01 DV= 0.26648E Cl FI(Ih= 0.3491E-01
BR=0.1085E 01 CV= 0.18292E-CO FI(I)= 0.1745E-01
BR=0.4634E-06 DV= 0.22999E 01 FI(I)=-0.7451E-08
BR~=.1085E 01 CV= 0.47820E 01 FI(I)=-0.1745E-01
fiIK=0.2171E 01 DV= 0.72638E 01 FI(I)=-0.3491E-01
BR=C.3255E 01 GV= 0.9745CE Cl FI(I)=-0.5236E-C1
BR=O.4339E 01 DV= 0.12225E 02 FI(l)=-0.6981E-01
BR=0.5421E 01 DV= 0.14'105E: 02 Fl(l)=-0.8727E-01
(R=0.6501E 01 DV= 0.17183E 02 Flt I)=-C.1047E-OC
bI=0.7580E 01 DV= 0.19661E 02 FI(I)=-C.1222E-CO
BR=0.8656E 01 0V= 0.22136E C2 FI(l)=-C.1396E-C0
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GA/ftys/63-5.6

16C-STEP, VARIA1-E~ COLLIS1CN ANGLE PRC1ILI M---MARS
CLASS A
DVCN= 0. 16584c'-CO RGN= C. 11OCOE 01
R=C .2386E C03 CV= C.19481!-- C3 F I ( I C.1571E 01

BR=C.2?.50E C3 CV= 0.11701L C3 FI(l)= C.1396C 01
Ek=0.2242E 03 CV= 0.15793C 03 FI(I)= C.1222E Cl
BR=0.2C66E C'3 UV = .13 758E C 3 F I( I )= C.1047E Cl
Ek=0.1828E 03 CVz O.11llSE C3 FI(I)= C.8721E CC
BR=0.1534E 03 DV= 0.93911E C2 FICI)= C.69811 00
IBR=0.1l93E 03 CV= 0.7I0918E C2 FTC I)= C.5236E_ C0
BR=C.161E. 02 DV= 0.47386E 02 FTC l)= C.34 ;1E-CC
BR=0.4143C 02 ['V= 0.23493Th C2 FiC l)= C.1745E-CC
3R=O.1778F-C4 CV= C.57S52E CO FICI)=-C.7451E-C7
bR=0.4143E 02 CV= 0.24641E3 C2 F1(I)=-C.1745E-CC-
BR=C.8161E C2 U)V= 0.48521E C2 Fl(Ih=-G.3491E-CC
tBR=0.119.3E C3 UV= C.720313 C2 FICI)=-C.5236E CC
UR=C.1534E 03 DV= C.95CCCE C2 FI(l)=-C.6981E CC
blk=0.1828E 03 IJV= 0.11*7?4E 03 Fl(l)=-C.8727E CC
f3N=0.2066E 03 CV= C.13859E C3 FICI)=.-C.1047E Cl
tR=C.2242E 03 CV= C.15888: 03 Fltl )=C.1222E Cl
URC0.2350E 03 DV= 0.17196E C3 FI(I)=-C.13913 01
bFR=0.2386E 03 PV= 0.195613 C3 Fl(l)=-0.1511E Cl

TWO-STEP, VARIAieLE COLLISION ANGLE PIROBLEM-MAAS
CLASS A
DVCN= 0.16584E-CO RON= C.11OCOE 01
RH=0.4143E 02 UV= 0.23493E3 C2 FTC I)= 0.174513-CC
BR=C.3733E 02 UV= 0.210913 C2 Fl(l)= C.1571E-CC
I3R=C.3321E 02 UV= 0.18687E3 02 Fl ( I )= C.1396E-CC
BR*=C.2908E C2 CV= 0.16282t C2 FI(I)= C.122213-CO
BR=0.2494E 02 f2,V= 0.1381563 02 Fl(I)= C.1047E-CC
Bk=0.2080E 02 GV= 0.1146 E 02 FlCli= C.8727E-Cl
BR=C.l6tL4E C? LJV= 0.905933 Cl Fl(I)= C.698113-Cl
BR=0.1249)E 02 CV= 0.665C3E Cl FI(I)= 0.523613-Cl
BR.=C.83273 01 CV= 0.42407E 01 FI(I)= 0-.349113-01
Bk=O.4l64E C1 CV= 11. 1830SE Cl Fl(IM= C .1 745E-Cl
8N=0.1778E-C5 CV= C.'i1927E CO FI(1)z-C.7451E-08
BR=0.4164E Cl CV= 0.29892E~ Cl FI(l)=-0.1745E-Cl
BR2C.8327E 01 CV= 0.5399CE Cl Fl(I)=-0.3491E-Cl
BR=C.1249E 02 CV= 0.780833 Cl FlCI)=-C.5236E-Cl
BR=C.1664E 02 DV.= 0.10211E3 C2 FI(I)=-0.6981E-Cl
HN.=0.2080E 02 OV= 0.12625E C2 FICI)=-C.8727E-Cl
BR=0.?494E 02 CV= 0.15032E3 C2 Fl(l)=-C.1047E-CC
l3R=0.2908E 02 DV= 0.1743EE C2 Fl(l)=-C.1222E-CC
BR=C.33?1E 02 CV= 0.19842E 02 FllI)=-C.1396E-CC
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liNC-STEP, VARIA2LE COLLISICN ANGLE PROBLEM --- MARS
C LASS e
UVON= C.26r,24E-00 RON= C.110COE 01
6KN=0.2634E 03 GV- 0.18333E 03 FI(I)= 0.1571E Cl

6K=0.2594E (;3 CV= 0.16659E 03 FICI)= 0.1396E 01

BK=C.2475E 03 CV= 0.14 8 5 9E C3 FICI)= 0.1222E 01
8R=0.2281E 03 DV= 0.121'45E C3 Fl(I)= 0.1047E 01

EBx=0.2018E 03 CV= 0.101333E 03 FICI)= C.8727E CC
iR=0.1693E 03 IDV= 0.8a.38 IE 0 2 F I (I) = C.6981E C0

BkM=C.1317E 03 DV= 0.667553L 02 Fl(IJ= C.5236E C0
t3RC.9CC9E 02 CV= C.44622E 02 FI(1)= u^.34931E-0'C
1RC.4574E C2 UV= C.22L46E C2 FICI)= C.17e.5E-Or0
3R=0.1963E-04 CV= C.'i9353,E-CO FI(Ih=-C.7451E-C?
bi=O.4574E 02 DV= 0 .2313 1E 0 2 FI( I )=-0.1745E-00
t R=0.9C09E 02 CV= 0.45593E 02 FI(I)=-C.3491E-CC
Bk=C.1317E 03 DV= 0.67708E C2 FlCI)=-C.5236E CC
513=C.1693E C3 OV= 0.893CtbE C2 Fl(I)=-C.6981E CC
tbk=0.2018E 03 CV= 0.11023E 03 FI(I)=-C.87217E 00

Oik=C.2201E 03 LJV= 0.13031E 03 FI(I)=-C.1047E Cl

BK=G.2475E 03 CV= 0.14 ;4CE 03 FI(I)=-C.1222E 01
BR=C.?594E 03 OV= 0. 1(-135E 0 3 FI(l)=-C.1396E01C
bR=0.2634L 03 UV= 0.18403E 03 FI(I)=-0.1511E Cl

rv 0-STEP, VARIABLE COLLISION ANGLE PRUFHLEM---MARS
CLASS 2
DVCN= 0.26024E-00 RON= C.11000E 01
BR=O.4574E 02 CJV= 0.22149E 02 FI(I)= 0.1745E-CC
BR=0.4121E 02 JV= 0.1988SE 02 FI(I)= C.1511E-CC
BR=0.3666E 02 UV= 0.1762eE 02 FI(I)= C.1396E-CC
BR=0.321OE 02 CV= 0.15366E 02 FI(I)= C.1222E-00
BR=0.2753E 02 DV= 0.13102E 02 FI(I)= C.1047E-CC

BR=O.2296E 02 GV= 0.10838E 02 FIH) 0.8727E-C.

BR=0.18i38E 02 CV= 0.85727E 01 FI(I)= C.6981E-O1

BR=0.1379E 02 DV= 0.63067E 01 FI(I)= C.5236E-O1

BR=0.9193E 01 DV= 0.40403E Cl FL(I)= 0i.3491E-01
ER=C.4597E 01 CV= 0.11736E Cl FI(I)= 0.1745E-01

BR= 0.1963E-05 CV= 0.49354E-CO FI(I)=-C.7451E-08
BR=0.4597E 01 UV= 0.27601E001 Fl(I)=-C.1745E-01
BK=0.9193E 01 UV= 0.50267E Cl FI(I)=-0.3491E-CI
BR=0.1379E 02 GV= 0.72929E Cl Fl(I)=-C.5236E-Cl

B0=0.1838E 02 CV= C.95586: 01 FI(I)=-0.6981E-Cl
BR=0.2296E 02 CV.= 0.11824E 02 FI(I)=-0.8727E-01
t3I=O.2753E 02 DV= 0.14088E 02 FI(I)=-C.1047E-OC
I3R=0.3210E 02 0V= 0.16351E 02 FI(I)=-C.1222E-CC

6R=0.3666E 02 CV= 0.18612E 02 Fl(I)=-C.1396E-CC
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T6C-STEP9 VARIABLE COLLISION ANLE~ PRCBLEM-MARS

CLASS C
DVCN= 0.51184E Co RON= C.11000E 01

1R0.?820E 03 CV= 0.16687E 03 Flll)= O.1571E Cl

BR=0.2778E G3 UV= C.1'3164E C3 Fltl)= O.13S6E Cl

B2=O.265OL C3 CV= 0.1352"E 03 Fli.I)= C.1222E. Cl

BR=O.2443E 0.3 OV= 0.11784E~ C3 FI(I)= C.1O47E Cl

i3K0.2161E 03 CV= 0.99528E C2 FI(I)= C.8727E CC

BRO0.1813E 03 OV= 0.80 461E C2 FI(I)= 0.6981E 00

Ihk=O.1410E 03 CV= 0.60781E C2 FlCIV= C.'5236E CC

BR=0.9641E 02 DV= 0.40636EL C2 FIII)= 0.3411E-CG

BR=O.4898E 02 UV= 0.20186C C2 FltI)= C.1745E-00

BR=0.2101E-04 CV= 0.41943E00O FI(Il)-0.7451E-C7

IhAzO.4B98E C2 CV= 0.21021E 02 Fl(l)=-0.1745E-00

BR=O.9647F 02 CV= 0.414,64E C2 FI(I)=-C.349IE-CC

BK=O.1410E 03 CV= 0.6159CE C2 FI(1)=-C-.5236E CC

BR=C.1813E 03 DV= C.8l248E 02 Fl(l)=-G.6981E C0

BR=0.2161E 03 CV= 0.10029E C3 FI(I)=-0.8727E CC

BR=0.2443E 03 CV= 0.11856E 03 FltI)=-C.104t1E Cl

hR2O.2650E 03 CV= O.135G4E C3 Flt I)=-6.1222E C1

bRzC0.27'l8E 03 ov= 0.1.5228E C3 Fl(I)=-C.13196E 01

tK=O.28?OE 03 CV= 0.16746E C3 FI(l)=-C.15llE 01

T60-STEP, VARI6IHLE COLLISION ANGLE PROBLEM--MARS

CLASS C
DY0N= 0.51184E 00 RCN= C.IIOOOE 01

BR=0.4898E 02 CV= O.20186E 02 FI(I) 0.1145E-CC

BKI=0.4412E 02 OV= 0.18130E 02 Flt l)= C.1571E-CC

BR-O.3925E 02 CV= 0.16073E 02 FltI)= C.1396E00C

BR=C.3437E 02 CV= 0.14014E 02 FI(I)= C.12221E-CC

BH=0.294BE 02 CV= 0 11954E 02 FI(I)= C.1047E-O0

BRR0.2458E 02 DV- 0:9893CE Cl FItl)= C.8727E-01

Bft=0.196'7E 02 CV= 0.7831SE Cl Fl(I)= C.6981E-01

BRO0.1476E 02 DV= 0:57693E Cl FI(I)= C.5236E-01

8R-0.9843E 01 CV= 0.37067E Cl FI(I)= C.34qi1E-0l

BR=0.4922E 01 DV= 0.16439E Cl FI(l)= C.17451E-01

BR=.O.2lClF-05 CV= 0.4l943E-CO FI(l)=~-C.7451E-08

BR=0.4922E 01 OV= 0.24821E Cl FltlV=-C.1745E-01

BR=0.9843E 01 CV= 0.45'49E Cl FIl)=-0.3491E-0lI

BR=0.1476- 02 OV= 0.66073E 01 fIII)=-C.5236E-01

BR=0.l96'1E 02 CV= 0.86692E Cl FI(I)z-C.698lE-Gl

6R=0.2458E 02 DV= O.l073CE 02 FI(l)=-C.8727E-Cl

tR=0.294,8E 02 DV= 0.12791E C2 FI(I)=-C.1047E-CC

BR=0.3437E 02 CV= 0.1485CE C2 FI(I)=-C.1222E-C

BR=0.3925E 02 CV= 0.169CgE 02 Fl(I)=-C.1316E-CC
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GRt$ COMPARISON CF LONGITUDINAL AND TRANSVERSE VELOCITY ERRORS

DIMENSION IITLEI( 12),TIILE2I I2hRPER(5),OR(5),RPERN(5)
CCUNT=0.Q

120 REA) INPUT TAPE 29202tTlTLEI.,G,R!N,RPLAN,W
20i FORMAT (12A6,/4EI2.O)

DUAL =0 .0
110 REAC INPUr TAPE 2,2039rITLE21VIN
203 FLIRMAT (12A6,/El2.O)4

DEL V=W*'29 .8
EV=tV IN*VIN )/2.0-GIRIN
VINF2=2.0*EC
RO3=2 .O.G/V INF2
RPER (1) =eC
.CGUNT=COUIr+ 1.0
I F(COUNT-8 .G)2v2,3

2 RPER(2)=1.1*RPLAN
GO TO 6

3 RPEkf.2)=bF69C.0
6 AO=G/(2.*EOY

-01 40 1=1,2
WRITE OUIPUT TAPE i,01,TITLE1,TITLE2

301 FORMAT (12A6,/12A6)
ECCC=(RPER( I)/AO)+1.O
BO-AO*SQRTF( (tCCC'ECCO)-l.0)
VCOSQRTF(G*(2.O/RPERII)4-1.0/AO))

-- H1-RPER(A l*V00
VCO=SQRTF(G/RPER( I))

.-DOwvOOO-VCo
DVON=DVO/ 29.*8
BON=BO/RPLAN
RPERN( I)=RPER( I)/RPLAN
AONm.AO/RPLAN
WRITE OUTPUT TAPE 3,3029BONtAONtECCJ

302 FORMAT { 10X,4HBON=El1.4,5X,4HAON-Ell.4,5X,5HECCOSEl1.4)
DO 4UOK-1,2
R=RIN
SFIC=HO/ (R*VIN)
FIOzASIN(SFIO)
IF(K-1)2092C,21

20 VCV2=VIN*VINDELV*DELV
VCV=SQRTF (VOV2)
FIuFIO+ATANF( DELV/VIN)
WRITE OUTPUT TAPE 3,311

--3tl-FRMAT(1CX,1l6NTRANSVERSE ERROR,/13X92HrRN,11X,
16HDELRPN,IOX, 1HP,13X, IHQ)
GO TO 22

21 VCV=VIN+DELV
FI-FIO
WRITE OUTPUT TAPE 3,310

310-FORM4AT- -,10OX,1HLONGITUDINAL ERROR 1/13X,2HRNI11X,9
161IDELRPN, lOX, IP, 13X, HQ)

22 ATRU-(G*R)/(R*(VOV*VOV)-2.0OG)
HTRU=R*VO V*SINF( Fl)
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ET4U-G/ (2 .O.ATRU)
BTRU=SQRTF(HIIU*HTRU)/(2.0*ETRU))
ECTRU=SQRrF( (8 UU*BTRU1/ ( ATRU*ATRU) 1.0)
ROT RU=AT RL(ECTRU-1. )

DELRPN=(ROTRU-RPER( I) )/RPLAN
P IN=DELRPN/W
RN=R/R PLAN
QC=1 .0
WRITE OUTPUT TAPE 3,303,RNOELRPNvPINpQQ
flR( I =(RIN-RPER( I) )/5.O
R=RPER(1)
DO 40 J=1,4
R=R+CR( I)
RN-~R/RPLAN
VC=SQRTF(G*(2.0/R+1.O/AO))
SF IG=HO/ (R*VO)
FIO=ASIN( SF10)
IF(K-1 )30,3Ct3l

30 VOV2=VOtVC+DELV*DELV
VGV=SQfRTF (VCV2)
FI=F10+ATANF( DEIV/VO)
GO TO 32

31 VOV=VO+DELV
F IsP10

32 ATRU=(G*R)/(R*(VQV*VOV)-2.0*G)
HTRU=IR.VOV*SINF(FI)
ETRU=G/(2 .O.ATRU)
B1RUaSQRTF((HTRU*HTRUJ)/(2.O*ETRU))
ECTRU=SQRTF((BTRU*BTRkU)/(ATRU*ATRL)+l.0)
ROTRU=ATKU*(ECTRU-1.)
DELRPN=(RCTRU-RPEK(I) )/RPLAN
P~nELHPN/%i
Q=P/P IN

4,0 WRITE OUTPUT TAPE 3v303,I&NtOELkPNPQ
303 FORMAT (9X,ELI.4,5X,3(EII.4,4X))

OrUAL-DUAI.+1.0
IF(DUAL-4 .0) 110, 120, 120

ENO( 110-10 10 0 lot 1,0,9 0.1,0000 00
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ORH VARIAJ VCNS ON PLR1-APSIS CISTANCE

UIMLIDIH I I ULL 1(12) , I IiLE21 12),,RPLR(5) hLR(5)pR~PLRN(5)
C(ClU.,4 = 6 . )

120 REAL lt,41)U] TA'L 29202tII TLE , ,IN,RPLAN, W
202 F 11iv Al ( L1;6,pi12.0)

110 RLAL lr\PIJT rAPE 2,203,TIILLo2,VIN
203 FORMAl (12A6,/F12.0)

VINF 2=2.0*c(J
RL=2.0*6/Vi~qF2

2 RPER(2)=1.1*RPLAN
CO HI 6

3 RPCR(2)=66-)0.0
6 A0=G/(2.*Lu)

D00 70 1 =I, 2
WRITL OUTPUT TAPE 3,301,TITLEI,TIT'LL2

301 FORMAT (1246,/1246)
ECCC=(RPEk( I)/AO)+ 1.0
bO=A0*SQRTF((LCCO.ICC0)-l.0)
VOO=SQRTF(u*(2.0/lRPER(I)+1.0/AO))
HO=RPERC1) *V00
VCO=SUXTF(G/RkPER(1 I
DV0= V 00-V C I'
DV0N=bVUj/29.8

RPERN( I )=RPER(I )/:0JLAN
WRITEO Urrur TAPE 3,302,BONItkIPERN(I),0)VON

302 FORMAT (IOX,4H B0N=Lll.4,5X6hiRPERN( ,11,2H)=,LII.4,5X,
15HiDVON-=Ell.4,/lH0,12X,2IRN,11X,6HDELRP,12X1HP,1tX,HQ)
R=RIN
SF IG=H0/ (i<VlIN
FIU=ASIN(SFII)
VGV2=V I,.V IN+OELV*U)ELV
V0V=SLEj IF C \0V2)
F I=F IU+Af AjiF(DELVIV IN) I
ATRU=(u*R)/(R*(VOV*VDV)-2.0uG)
HTRU= R*VO V 'S IF CFT
ETRUj=G/C? .O*AI RU)
BTRUj=S( RTF((HTRU*HTRU)/(2.0*LTRUD)
LCri<(=So4RTHF(biRU.tTRuj)/ATRu*JAT! j+1.O)
ROTRU=AIJ*( ECTRU-1.)
DELRPN=(R1IRU-RPER( I ) )/RPLAN
PI1N= DEL RP .J /W'
R N= R/ RPLAN

WKIiT. OUTPUr TAPE 3,303,RNOELRPNqPINvQC,
DR( I =(RIN-RPCRk( ) 1/20.0
R=RPCR( I)
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.RN=rk/RPLAN
VGj=SQkTF((;*(2.0/1 I~*.G/A))
SF IU=I!u/(CR*V(I)
F IO=ASIN (SF LW
V 0V 2 = VO* V C 2L;Lv *D0FLV
VCJV=S(LRTF CV0V2)
FI= - I+ATAi.F~jELV/vO)
A1RI.=(G*R)/CR*(VOV*Vg)V)-2.0*G)
HI RU=R*VC V*S Id C Fl
ETRU=G/( 2.U *ATR(U)
BTRU=SQkTF((HfIR*HTRLJ)/(2.0*ETRU))
E(TR=SQRTF((LTRUJ*BTRU)/(ATRUJ*ATRU)+1.0,
ROTRUj=ATRiU*( ECTRIJ-1.)
DELRP~J-CR0Ti U-kPERII) )/RPLAN1
P=0ELRPN'/v,

Q= P / p 1 14
40 WRITE OUTPUT TAPE 3,.303,RN,DELkPt4,P,Q

303 FORMAT (9X,El1.495X,3(Ell.4,4X))
v4RITE OUTPUr TAPE 3,365

365 FORMAT (l1)
DO 70 M=1#5
G~O TU (61,62,63,64,65),M

61 X=0.1
GO TO 66

62 X=0).25
*3 GO TO 66
63 X 5

GO0 T 0 6 6
64 X=0.75

6O0ITO 66
65 X=1.0

66 FP=(RPERN(I)-1.C)/(10.0*W*X)
FQ=FP/P IN
FM=1.0/FLI
ON=2.OOLOGF(FM,)
N=ON
T LS T 14
C OM P=ON -TI S
IF(C.OHP-0. 5)68968v67

67 N=N+l
68 N0PT=IJ

WRITL OUTPUT TAPE 3t304tMtF(Q,FM,.NOPT
104 FORMAT (IHA,9X, 2HM=1,2X,3HFQ=Ell.4,6X,3HFM=EIl.4,6X,

15HNUPT-12,/11X, lHN,43X,1IHRED. FACTOR,5X,11HMULI.I-ACTORv
24X,5HSUM/W, IOXMHSUM/29.8)
N= N +1
DU *10 1=1,5
N=N-.
IF(N) 70, 10, ii

71 YY=N
Y=1.O/YY
~SUM=ISQKTF(YY )e(FM..v)
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T= I . 0 / E EL
SU2=SUM/?9. d

iRI IE0 )Ti~u r T AP E 3, 30 5, N, RFD 9 1, SUM, SI.JM2
305 FOiRMAT ( 10A, 12, 3X,4([1I.4,sX))

70 CONT 1:46L
DUAL=LUikL+ 1. 0
IF(itAL-4.U)110,120,t20
END( 1, 6 P.090, 0, 0 , 1 0, 0 1 t , , 0, , 0
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GRH TIME TO PER[-APSIS IN MINL;IES

DIMENSION TITLEI(12) 4

110 READ INPUT TAPE 2,203,G,RINoRPLAN
203' FORMAT (3E10.O)

DUAL =0.0
120 00 11 1=1,2

READ INPUT TAPE 2,2O2,AON,ECCO,RPERN,NN,JJ,TITLE1
202 FORMAT (3El0.O,2I5,/12A6)

IFCJJ )Z2t3
2 GO TO 11
3 N1=O

AAON * RPLAN
TTT=t A*e1 .5)/SQRIFIG)
COSHF I=(1 .0/ECCO)I* (1.*0+RIN/AONI
COSHZ=COSHF I'COSHF I
S INHFI=SQRTF( COSH2-1 .0)
FI=LQGF(COSHFI+SQRTF(COSH2 -l.0))
TT=TTT*IECCO*SINHFI-FI )*( .0/60.0)
TT1=TT
N=NN
DO 10 J=19JJ
WRITE OUTPUT TAPE 3,304

304 FORMAT (1H2,9X,31HTIME FROM PERI-APSIS IN MINUTES)
DT=0.0
TT=TTL
READ INPUT TAPE 2t201,9

201 FORMAT (E1O.0)
N=N41
WRITE ObtP*UT TAPE 3,305,TITLEI.,N,N1,RINTT1,DT

305 FORMAT (12Abt/l0X,I2t2XvIGHMCORRECTION STEPS,
1/ 1.IX, IHN, 5X, SHRANGE, liX,4HTIME, 8XIOHOEL TA-T IME,
2/ lOX, 2t,2X Eli. 4#2(4X#E 11.4))
D0 10 K=1,N

.RN=(RIN-RPERN)*(Q**K)4-RPERN

COSH2=COSHFI1*COSHF I
SINHFI='SQRTF( COSH2-l.0)'
FI=LOGF(COSHFI+SQRTF(COSH2-1.0))
T=TTT*(ECCO*SINHFI-FI ).(1.0/60.0)

... DT=TT-T

WRITE OUTPUT TAPE 3,303,K,RN,T,DT
303 FORMAT (10XIZ,2XElI.4v2(4XvEll.4))

10 CONTINUE
11 CONTINUE

DUAL=DUAL4 1.0
IF(DUAL-4.0)126'110o, 110
END( 1,0,0,0,0,0, 1,0,0, 1,0,0,0,0,0
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ITERATION NUMBER 14

2 6 6 .51368571E+02 .65164190E+01

3 6 6 .85345189E+02-.10487910E+01
4 6 6 .83703602E+02 .52751590E+01

5 6 6 .80649055E+02 .72502880E+01
6 6 6 .79693043E+02 .88220270E+01

ITERATION NUMBER 15

2 6 6 .51339767E+02-.28804000E-01
3 6 6 .77532625E+02-.78125640E+01
4 6 6 .84251769E+02 .54816700E+00
5 6 6 .85209332E+02 .45602770E+01
6 6 6 .85549536E+02 58564930E+01

ITERATION NUMBER 16

2 6 6 .47631880E+02-.37078870E+01
3 6 6 .74328679E+02-.32039460E+01
4 6 6 .84750529E+02 .49876000E+00

5 6 6 .88309144E+02 .30998120E+01
6 6 6 .89347939E+02 .37984030E+01

ITERATION NUMBER 17

2 6 6 .45810482E 02-.18213980E+01
3 6 6 .72268586E+02-.20600930E+01
4 6 6 .84915766E+02 .16523700E+00
5 6 6 .90204296E+02 .18951520E+01
6 6 6 .91824796E+02 .24768570E+01

ITERATION NUMBER 18

3 6 6-.1341 200E+03-.20638058E+03 .99188337E+00

ITERATION NUMBER 19

2 6 6 .85797480E+01-.35130178E+02
3 6 6 .46369107E+02 .180481 OE+03
4 6 6 .75833670E+02 .25041713E+02
5 6 6 .881)+8656E+02 .24035820E+01
6 6 6 .89534468E+02-.10191980E+01

ITERATION NUMBER 20

2 6 6 .34557193E+02 .25977445E+02

3 6 6 .5 1224439E+02 .48553320E+01
4 6 6 .74969384E+02-.86428600E+00
5 6 6 .86551262E+02-.15973940E+01
6 6 6 .89934059E+02 .39959100E+00
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TIME FROM PERI-APSIS IN MINUrES

CLASS ~i-L2 -H VENUS-OPT
1, CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.1635E 03 0.53733E 04 0.
I 0.9883E 02 0.3353E 04 0.2381E 04
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COMPARISON CF LONGITUDINAL AND TRANSVERSE VELOCITY ERRORS
CLASS bI--l/2.1--h VENUS
HCN= 0.4159E 01 AON: 0.7313E 01 ECCO= 0.1150E 01
TRAf\SVERSE ERROR

RN OELLRPN P 0
0.135E 03 0.1518E 01 0.1076E C4 0.1000E 01
0.3357E 02 0.2704E-00 0.1918E 03 0.1782E-00
0.66C4E u2 O.5556E 00 0.3940E C3 0.3661E-00
0.9852E 02 0.896E 00 0.6096E C3 0.5664E 00
0.1310E 03 0.1l81E 01 0.6315E C3 0.7780E 00
LCNGITUCINAL ERIOR

RN DELRPN P (
0.1635E 03 0.2855E-01 0.2024E C2 0.1000E 01
0.3357E 02 O.2418E-0 0.1715E C2 0.8472E 00
0.6604E 02 ' 0.2667E-01 0.18S2E C2 0.9345E 00
0.9852E u2 0.2767E-01 0.1963E C2 0.9694E 00
0.1310E 03 0.2821E-UI 0.2C0IE C2 0.9882E 00

VARIATIONS CN PERI-APSIS DISTANCE--VENUS
CLASS 61--1/2.1--H
BON= 0.4159E 01 RPERN(2)= 0.1IOCE 01 DVON= 0.1083E-00

RN DELRPN P Q
0.1635E 03 0.1518E 01 0.1076E C4 0.1000E 01
0.9218E 01 0.6935E-01 0.4918E 02 0.4569E-01
0.1734C 02 0.1353E-00 0.9593E C2 0.8912E-01
0.2545E 02 0.2023E-00 0.1434E C3 0.1333E-00
0.3357E 02 0.2704E-00 0.lqI8E 03 0.1782E-00
0.4169E 02 0.3399E-00 0.2411E C3 0.2239E-00
0.4981E 02 0.4106E-00 0.2912E C3 0.2705E-00
0.5193E 02 0.4825E-00 0.3422E C3 0.3179E-00
0.6604E 02 0.5556E 00 0.3940E C3 0.3661E-00
0.7416E U2 0.6299E 00 0.4467E C3 0.4150E-00
0.8228E 02 0.7C53[ 00 0.5002E C3 0.4647C-00
0.9040E 02 0.7819E 00 0.5545E C3 0.5152E 00
0.9852E 02 0.8596E 00 0.6096E C3 0.5664E 00
0.1066E 03 0.9383E 00 0.6655E 03 0.6183E 00
0.1148E 03 0.1L18E 01 0.7221E 03 0.6708E 00
0.1229E 03 0.IC99E 01 0.7794E C3 0.7241E 00
0.1310E 03 0.1181E 01 0.8375E C3 0.7780E 00
0.1391E 03 0.1264E 01 0.8962E C3 0.8326E 00
0.1472E 03 0.1347E 01 0.9556E 03 0.8878E 00
0.1553E 03 0.1432E 01 0.1016E C4 0.9436E 00
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GA/PhYS/63-6,6

M=I FQ= 0.6589E-01 FM=10.1518E 02 NCPT= 5
N RED. FACIOR MULT.FACTOR SUM/W SUM/29.,
5 0.5804E 00 0.1723E 01 0.3852E 01 0.1293E-00
=4 0.5066E 00 0.1974E 01 0.3948E 01 0.1325E-00
3 0.403SE-00 0.2476E 01 0.4288E 01 0.1439E-00-
2 0.2567E-00 0.3896E 01 0.5509E 01 0.1849E-00
1 0.6589E-01 0.1518E 02 0.1518E 02 0.5093E 00

M=2 FQ= 0.2636E-01 FM= 0.3794E 02 NOPT= 7
N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8
7 0.5949E 00 0.1681E 01 0.4448E 01 0.1493E-00
6 0.5455E 00 0.1833E 01 0.4490E 01 0.1507E-00
-5 0.4833E-00 0.2069E 01 0.4627E 01 0.1553E-00
4 0.4029E-00 0.2482E 01 0.4964E 01 0.1666E-00
3 0.2976E-00 0.3360E 01 0.5820E 01 C.1953E-00

M=3 FQ= 0.1318E-01 FM= 0.7589E 02 NOPT= 9
N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8
9 0.6181E O0 0.1618E 01 0.4853E 01 0.1629E-nO
8 0.5821E 00 0.1718E 01 0.4859E 01 C.1631E-00
7 0.5388E 00 0.1856E 01 0.4911E 01 0.1648E-00
6 0.4860E-00 0.2058E 01 0.5C40E 01 0.1691E-00
5 0.4207E-00 0.2377E 01 0.5315E 01 0.1784E-00

M=4 FQ= 0.8785E-02 FM= 0.1138E 03 NOPT= 9
N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8
9 0.5909E 00 0.1692E 01 0.5C77E 01 C.1704E-00
8 0.5533E 00 0.1807E 01 0.5112E 01 0.1715E-00
7 0.5085E 00 0.1967E 01 0.5204E 01 0.1746E-00
"6 0.4542E-00 0.2201E 01 0.5392E 01 0.1810E-00
5 0.3879E-00 0.2578E 01 0.5764E 01 0.1934E-00

M=5 FQ= 0.6589E-02 FM= 0.1518E 03 NOPr=10
N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

10 0.6052E 00 0.1652E 01 0.5225E 01 0.1753E-00
9 0.5723E 00 0.1747E 01 0.5242E 01 0.1759E-00
8 0.5338E 00 0.1873E O 0.5299E 01 0.1778E-00
"7 U.488CE-00 0.2049E 01 0.5422E 01 0.1819E-00
6 0.433CE-00 0.2310E 01 0.5657E 01 0.1898E-00
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CA/PhYs/63- , 6

TIME FROM PERI-APSIS IN MINUTES

CLASS BI--l/2,1--H VENUS-CLOSE
6 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.1635E 03 0.5510E 04 0.
1 0.7142E 02 0.2183E 04 0.3326E 04
2 0.3155E 02 0.8355E 03 0.1348E 04
3 0.1428E 02 0.3156E 03 0.5200E 03
4 0.6809E 01 0.1245E 03 0.1911E 03
5 0.3572E 01 0.5486E 02 0.6959E 02
6 0.2170E 01 0.2787E 02 0.2700E 02

TIME FROM PERI-APSIS IN MINUTES

CLASS BI--I/Z,1--H VENUS-CLOSE
8 CORRECTION STEPS
N RANGE TIME DELTA-1IME
0 0.1635E 03 0.5510E 04 0.
I 0.8779E 02 0.2762E 04 0.2748E 04
2 0.4737E 0Z 0.1356E 04 0.1406E 04
3 0.2580E 02 0.6548E 03 0.70IE 03
4 0.1429E 02 0.3156E 03 0.3392E 03
5 0.8138E 01 0.1558E 03 0.1598E 03
6 0.4857E 01 0.8124E 02 0.7458E 02
7 0.3106E 01 0.4572E 02 0.3552E 02
8 0.2171E 01 0.2787E 02 0.1785E 02

TIME FROM PERI-APSIS IN MINUTES

CLASS BI--1/2,1--H VENUS-CLOSE
10 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.1635E 03 0.5510E 04 0.
I 0.9938E 02 0.3176E 04 0.2334E 04
2 0.6058E 02 0.1806E 04 O.1369E 04
3 0.3710E 02 0.1015E 04 0.7916E 03
4 0.2289E 02 0.5656E 03 0.4493L 03
5 0.1429E 02 0.3156E 03 0.2500E 03
6 0.9080E 01 0.1788E 03 0.1368E 03
7 0.5929E 01 0.1045E 03 0.7428E 02

8 0.4023E 01 0.6391E 02 0.4062E 02
9 0.2869E 01 0.4115E 02 0.2276E 02

10 0.2170E 01 0.2787E 02 O.1328E 02
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r-A/Phyu/63-5,6

COMPARISON CF LONoIUlf)INAL AND IRANSVERSE VELOCITY ERRORS
CLASS EX---C.0---A VENUS
BUN= 0.3026F Cl AON= 0.1070L 6l ECCO= 0.3000E 01
TRANSVERSE ERROR

R DELRPN P Q
0.1635E 03 0.9359E 00 0.6637E C3 0.1000E 01
0.3440E 02 0.1943E-00 0.1378E C3 0.2076E-00
0.6L67E 02 0.3786E-00 0.2685E C3 0.4045E-00
0.9893E 02 0.5636E 00 0.3997E C3 0.6023E 00
0.1312E 03 0.7494E 00 0.5315E C3 0.8008E 00
LCNuITUOINAL ERROR

RN DELRPN P
0.1635E 03 0.8324E-02 0.59C4E CI 0.1000E 01
0.3440E U2 0.7724E-02 0.5478E 01 0.9279E 00
0.6667E 02 0.8b88E-02 0.5736E Cl 0.9716E 00
0.9893E 02 , 0.8217E-02 0.5828E Cl 0.9872E 00
0.1312E 03 0.8284E-02 0.5875E Cl 0.9951E 00

VARIATIONS CN PERI-APSIS DISTANCE--VENUS
CLASS EX---C.0---A
HON= 0.3026E Cl RPERN(I)= 0.2139E 01 DVON= 0.1664E-00

RN DELRPN P Q
0.1635E 03 0.9359E 00 0.6637E C3 0.IOOOE 01
0.lu21E 02 0.5554E-01 0.3939E C2 0.5934E-01
0.1827E 02 O.IG21E-00 0.7240E C2 0.1091E-00
0.2634E 02 0.1482E-00 0.1051E C3 0.1584E-00
0.3440E 02 0.1943E-00 0.1378E 03 0.2076E-00
0.4247E 02 0.2403E-00 0.11C4E C3 0.2568E-00
0.5054E 02 0.2863E-00 0.2031E C3 0.3060E-00
0.5860E 02 0.3324E-00 0.2358E C3 0.3552E-00
0.6667E 02 0.3786E-00 0.2685E 03 0.4045E-00
0.71473E 02 0.4248E-00 0.3013E C3 0.4539E-00
0.8280E 02 0.4710E-00 0.3340E C3 0.5033E 00
0.9U87E 02 0.5173E 00 0.3669E C3 0.5527E 00
0.9893E 02 0.5636E 00 0.3997E C3 0.6023E 00
0.10u7E 03 0.61OOE 00 0.4326E 03 0.6518E 00
0.1151E 03 0.6564E 00 0.4656E C3 0.7014E 00
0.1231E 03 0.7G29E 00 0.4985E C3 0.7511E 00
0.1312E 03 0.7494E 00 0.5315E C3 0.8008E 00
0.1393E 03 0.7960E 00 0.5645E C3 0.8505E 00
0.1473E 03 0.8426E 00 0.5976E C3 0.9003E 00
0.1554E 03 0.8892E 00 0.63C6E C3 0.9501E 00
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GA/PhYa/63-5, 6

M=2 FQ= O.4870E-O0 FM= 0.2053E Cl NCPT= I
N RED. FACIOR MULT.FACTOR SUM/W SUM/29.8
I 0.487CE-00 0.2U53E 01 0.2C53E 01 C.6891E-01

M=3 FQ= 0.2435E-00 FM= 0.4107E Cl NOPT= 3
N RED. FACTOR MUL r.FACTOR SUM/W SUM/29.8
3 0.6244E 00 O.1LO1E 01 0.2774E 01 0.9308E-CI
2 0.4935E-O0 0.2027E 01 0.2866E 01 0.9617E-01
I 0.2435E-00 u.4107E 01 0.4107E 01 0.1378E-00

M=4 FQ= 0.1623E-00 FM= 0.6160E Cl NOPT= 4
N RED. FACTOR MULI.FACTOR SUM/W SUM/29.8
4 0.6347E 00 0.1575E 01 0.3151E 01 0.1057E-0V
3 0.5455E 00 0.1d33E 01 0.3175E 01 C.065E-00
2 0.402jE-0C 0.2482E 01 0.3510E 01 0.1178E-00
1 0.1623E-00 0.6160E 01 0.6160E 01 C.2067E-G0

M=5 FG= 0.1217E-00 FM= 0.8214E 01 NOPT= 4
N RED. FACTOR MULI.FACfOR SUM/w SUV/29.U
4 0.5907E 00 O.lo93E 01 0.3386E 01 0.1136E-00
3 0.4956E-00 0.2C18E 01 0.3495E 01 0.1173E-li
2 0.3489E-00 0.2866E 01 0.4C53E 01 0.1360E-(,,
1 0.1217E-00 0.8214E 01 0.8214E 01 0.2756E-00

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---C,O-.--A VENUS-OPT
I CORRECTION STEPS
N RANGE TIME DELTA-rIME
0 0.1635E 03 0.2343E 04 0.
I 0.2178E 02 0.2905E 03 0.2053E 04

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---C, 0---A VENUS-OPT
3 CORRECT ION STEPS
N RANGE TIME I TA-1IME
0 0.1635E 03 0.2343E 04 0.
I 0.8211E 02 0.1158E 04 0.1185E 04
2 0.4177E 02 0.5757E 03 0.5827E 03
3 0.2178E 02 0.2906E 03 0.2852E 03

TIME FROM PERI-APSIS IN MINUIES

CLASS EX---O, O---A VENUS-OPT
4 CORRECTION STEPS
N RANuE TIME OLTA-TIME
0 0.1635E 03 0.2343E 04 0.
I 0.9745E 02 0.1381E 04 0,9620E 03
2 0.5844E 02 0.8158E 03 0,5654t 03
3 0.3540E 02 (), ,,;44E 6j 1,. 131"F 03
4 0.2178E 02 0.2906E 03 0,1917F 03
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G.A/Phy/634.,6

CGMPARISON CF LONGITUDINAL AND TRANSVERSE VELOCITY ERRORS
CLASS EX---0C.0---A VENUS
BCN= 0.1888E 01 AON= O.10OE 01 ECCO= 0.2028E 01
TRANSVERSE ERROR

RN DELRPN P 0

0.If,35E 03 0.8901E 00 0.6313E C3 O.IO00E 01
0.3357E 02 0.176BE-0O 0.1254E 03 0.1986E-00
0.6604E U2 0.3516E-OC 0.24S4E C3 0.3950E-00
0.9852E 02 0.5291E 00 0.3752F 03 0.5943E 00
O.1310E 03 0.7C8?E 00 0.5C26E C3 0.7962E 00
LONGITUDINAL ERROR

RN UELkPN P Q

0.1635E 03 0.6382E-02 0.4526E CI 0.100E 01
0.3357E 02 0.6064E-02 0.4301E CI 0.9502E 00
0.6604E 02 0.6259E-02 0.4439E 01 0.9807E 00
0.9852E 02 O.6327E-U2 0.4487E Cl 0.9913E 00
0.1310E 03 0.6361E-02 0.4511E 01 0.9967E 00

VARIATIONS CN PERI-APSIS DISTANCE--VENUS
CLASS EX---0.0---A
BCN= 0.1888E Cl RPERN(2) = 0.ILOCE 01 DVON= O.1718E-00

RN DELRPN P Q
0.1635E 03 0.8901E 00 C.6313E C3 0.LOOOE 01
O.921SE 01 0.4737E-01 0.3359E 02 0.5321E-01
0.1734E 02 0.9044E-01 0.6414E 02 0.1016E-00
0.2545E 02 0.1335E-CO 0.9470E C2 0.1500E-00
0.3357E 02 0.1768E-00 0.1254E 03 0.1986E-00
0.4169E 02 0.2202E-00 0.1562E C3 0.2474E-00
0.4981E 02 0.2638E-00 0.1871E 03 0.2964E-00
0.57q3E 02 0.3076E-00 C.2182E C3 0.3456E-00
0.6604E 02 0.3516E-00 0.2494E 03 0.3950E-00
0.7416E 02 0.3957E-00 0.28C7E C3 0.4446E-00
0.8228E 02 0.4400E-00 0.3121E C3 0.4943E-00
0.9040E 02 0.4845E-00 0.3436E C3 0.5443E 00
0.9852E 02 0.5291E 00 0.3752E 03 0.5943E 00
0.1066E 03 0.5738E 00 0.4069E C3 0.6446E 00
0.1148E 03 O.6186E 00 0.4387E C3 0.6950E 00
0.1229E 03 0.6636E 00 C.47C6E C3 0.7455E 00
0.131OE 03 0.7087E 00 0.5026E 03 0.7962E 00

'0.1391E 03 0.7539E 00 0.5347E C3 0.8469E 00
0.1472E 03 0.7992E 00 0.5668E C3 0.8978E 00
0.1553E-03 0.8446E 00 0.5990E C3 0.9489E 00
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GA/Phys/63-5,6

M=l F(.= 0.1123E-00 FM= 0.8901E Cl NOPT= 4
N R[0. FACTUR MULT. FACTOR SLM/W SUM/29.8
4 0.5789E 00 0.1727E 01 0.3455E 01 0.1159E-00
3 0.4825E-00 0.2072E 01 0.3590E 01 0.1205E-00
2 0.3352E-00 0.2984E 01 0.4219E 01 0.1416E-00
I 0.1123E-00 0.8901E 01 0.8OIE 01 C.2987E-00

W=2 FQ= 0.44'i4E-0 FM= 0.2225E C2 NOPT= 6
N RED. FAC[OR MULT.FAC[OR SUM/W SUM/29.8
6 0.5963E 00 0.1677E 01 0.4108E 01 0.1379E-00
5 0.5377E 00 0.1860E 01 0.4159E 01 0.1396E-O0
4 U.4604E-00 0.2172E 01 0.4344E 01 0.1458E-0o
3 0.3555E-00 0.2813E 01 0.4872E 01 0.1635E-C,.,
2 U.212CE-00 0.4717E 01 0.6671E 01 C.2239E-00

M=3 FC= 0.2247E-01 FM= 0.4451E 02 NOPT= 8
N RED. FACIOR MULf.FACTOR SUM/W SUM/29.8
8 0.6222E 00 C.1607E 01 0.4546E 01 0.1525f 00
7 0.5814E 00 0.1720E 01 0.4550E 01 0.1527E-00
6 0.5312E 00 0.1883E 01 0.4611E 01 0.1547E-00
5 0.4681E-00 0.2136E 01 0.4777E 01 0.1603E--O!'.
4 0.3872E-00 0.2583E 01 0.5166E 01 0.1733E-60

M=4 FQ= 0.14S8E-01 FM= 0.6676E C2 NOPT= 8
N RED. FACTOR MULT.FACTOR SUM/h SUM/29.8
8 0.5915E 00 0.1691E 01 0.4782E 01 0.1605E-00
7 0.5487L 00 0.1822L 01 0.4822E 01 0.161BE-00
6 0.4965E-00 0.2014E 01 0.4S34E 01 0.1656E-00
5 0.4316E-00 0.2317E 01 0.5181E 01 0.1738E-00
4 0.349EE-00 0.2858E 01 0.5717E 01 0.1918E-00

M=5 FQ= 0.1123E-01 FM= 0.8901E C2 NOPT= 9
N RED. FACTOR PUI.FACUOR SUM/W SUM/29.8
9 0.6073b 00 (.1647E 01 0.4940E 01 0.1658E-00
8 0.5706E OC u.1I53E 01 0.4957E 01 0.1663E-00
7 0.5266E 00 0.1899E 01 0.5C24E 01 0.1686E-00
6 0.4732E-O0 ().2113E 01 0.5176E 01 0.1737E-00
5 0.4075E-00 (.24b4E 01 0.5488E 01 0.1841E-00
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GA/PhyA/63-5,6

TIME FROM'PERI-APSIS IN MINUTES

CLASS EX---OO---A VENUS-CLOSE
5 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.1635E 03 0.2337E 04 0.
I 0.6728E C2 0.9380E 03 0.1399E 04
2 0.2807E C2 0.3750E 03 0.5630E 03
3 0.1209E 02 0.1515E 03 0.2235E 03
4 0.5578E 01 0.6423E 02 0.8725E 02
5 0.2925E 01 0.3009E 02 0.3414E 02

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---O,O---A VENUS-CLOSE
7 CORRECTION STEPS
N RANGE TIME DELTA-lIME
0 0.1635E 03 0.2337E 04 0.
I 0.8662E 02 0.1218E 04 0.1119E 04
2 0.4613E 02 0*6331E 03 0.5851E 03
3 0.2482E 02 .3289E 03 0.3042E 03
4 0.1359E 02 0.1721E 03 0.1569E 03
5 0.7676E 01 0.9187E 02 0.8018E 02
6 0.4563E 01 0.5107E 02 0.4080E 02
7 0.2924E 01 0.3007E 02 0.2100E 02

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---C09---A VENUS-CLOSE

9 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.1635E 03 0.2337E 04 0.
I 0.9973E 02 0o1409E 04 0,9289E 03
2 0.6100E 02 0.8472E 03 0.5613E 03
3 0.3747E 02 0,5090E 03 0.3382L 03
4 0.2319E 02 0.3060E 03 0.2030F 03
5 0.1452E 02 0.1848E 03 0.I212E 03
6 0.9247E 01 0.1129E 03 0.7194F 02
7 0.6048E 01 0.7037E 02 0.4253F 02
8 0.4105E 01 0.4518E 02 0.2519E 02
9 0.2925E 01 0.3008E 02 0.1509E 02
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GA/Phys/63-5,6

VARIATICNS CN PERI-APSLS DISTANCE--VENUS
CLASS EX---C.O- ..C

BON= 0.857hE CO RPERN({)= 0.601'T 00 DVON= 0.3126E-00

CLMPARIS('N CF LUNuITLIDINAL AND TRANSVERSE VELOCITY ERRORS
CLASS EX_- ... C . --- C VL! 0 S
BCN= 0.1317C Cl AON= 0.3032E--0- ECCO= 0.4628E 01
TRANSVERSE ERROR

RN DELRPN P Q
0.].f35E 03 0.5123E 00 C.3633E C3 0.1000E 01
0.3357E 02 0.1046E-00 0.7420E C2 0.2042E-00
0.6604E 02 0.2062E-00 0.1463E C3 0.4026E-00
0.9852E 02 0.368IF-O0 0.2185E 03 0.6014E 00
0.1310E 03 0.4101E-C0 0.29GbE C3 0.8C05E
LONGITUDINAL ERROJR

RN DELRPN P Q
0.1635E 03 0.1497E-02 0.1062E Cl 0.1000E 01
0.3357E 02 0.1447E-02 0.1026E CI 0.9669E 00
0.6604E 02 0.1478E-02 0.1048E Cl 0.9873E 00
0.9852E 02 0.1488E-02 0.1056E Cl 0.9943E 00
0.1310E 03 0.1494E-02 0.105)E 01 0.9979C 00

VARIATIONS CN PERI-APSIS DISTANCE--VENUS
CLASS EX---C.0 --- C

BON= 0.1370E 01 RPERN(2)= 0.1IOCE 01 OVON= 0.3186E-00

RN D L -LPN P Q
0.1635C 03 0.5123E 00 C.3633E C3 0.1000E 01
0.9218E 01 0.2841F-01 0.2015E C2 0.5547E-01
0.1134E 02 0.53b6E-01 0.3820E 02 0.1051E-00
0.2545E 02 o.7(Y2,L-Ol 0,5620E C2 0.1547E-00
0.3357E 02 0.1C46-00 C.7420E 02 0.2042E-00
0.4169L 02 (0.13 0t--Oo [.9220E C2 0.2538E-Oo
0.4981E 02 0.155,tE-00 O.IlC2E C3 0.3034E-00
0.5793E 02 0. 1 oU8E-00 0.1282E C3 0. 3530E-,(j
0.6604L 02 0.20, '.- 00 (. 1 4 3F C3 0.4026L-0o
0.7416E 02 0.231E-00 C.1643C C3 0.4bjE-uu
0.8228C 02 0.2511E-00 O.1824E 03 0.50lqF 00
0.9(,40E 02 b.2;,6E-OO 0.2 0 4E C3 0.5516C 00
0.9652E 02 0. 3L d E-00 0. i A'2F 03 0.6014E )0
0.1066L 03 0.33ltE 00 C.2366E C3 0.6511.F )
0.1L48E 03 0.35%1L-00 U.2546E C3 0.7009E L)0
0.1229E 03 0.381t6E-00 0.2727F C3 0.7507E 00
0.1310E 03 0.4toIE-00 (i.29C8E C3 0.8005E 0f
0.1391E 03 0.4356L--00 O.3089E C3 0.8504E 00
0.1472E 03 0.4L12E-00 0.3271E C3 0.9002E 00
0.1553C 03 0.4861E-00 0.1452E 03 0.9501E Ch;
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GA/Phys/63- ,6

M=l FQ= 0.1952E-00 FM= 0.5123E Cl NCPT= 3

N. RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

3 0.5801E 00 0.1724E 01 0.2S86E 01 0.1002E-00

2 0.4418E-00 0.2263E 01 0.3201E 01 0.1074E-00

I 0.1952E-00 0.'123E 01 0.5123E 01 0.1719E-00

M=2 FQ= 0.7809E-01 FM= 0.1281E 02 NOPT= 5

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

5 0.6005E 00 0.1665E 01 0.3724E 01 0.l250E-00

4 0.5286E OU U.1892E 01 0.3783E 01 0,1270E--00

3 0.4274E-00 0.2340E 01 0.4C52E 01 0.1360E-C0

2 0.2794E-00 0.3579E 01 0.5C61E 01 C.1698E-0O

I 0.7809E-01 0.1281E 02 0.1281E 02 0.4298E-00

M=3 FQ= 0.3904E-01 FM= 0.2561E C2 NOPT= 6

N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8

6 0.5824E 00 0.1717E 01 0.4206E 01 C.1411E-0U

5 0.5228E 00 0.1913E 01 0.4277E 01 0.1435E-00

4 0.4445E-00 0.2250E 01 0.4499E 01 0.1510E-00

3 0.3392E-00 0.2948E 01 0.5106E 01 0.1713E-00

2 0.1976E-0C 0.5061E 01 0.7157E 01 0.2402E-00

M=4 FQ= 0.2603E-01 FM= 0.3842E C2 NOPT= 7

N RED. FACTOR MULLT.FACTOR SUM/W SUM/29.8

7 0.538E O 0.1684E 01 0.4456E 01 C.1495E-00

6 0.5444E 00 0.1837E 01 0.4500E 01 0.1510E-00

5 0.4820E-00 0.201E 01 0.4639E 01 0.1557E-00

4 0.4017E-00 0.2490E 01 0.4979E 01 O.1671E-0

3 0.2964E-00 0.3374E 01 0.5E44E 01 C.L961E-00

M=5 FQ= 0.1952E-01 FM- 0.5123E 02 NOPT= 8

N RED. FACTOR MULT.FACrOR SUM/W SUM/29.8

8 0.6114E 00 0.1636E 01 0.4626E 01 0.1552E-00

7 0.5699E 00 0.1755E 01 0.4643E 01 C.1558E-00

6 0.5189E 00 0.1927E 01 0.4721E 01 0.1584E-00

5 0.4551E-00 0.2197E 01 0.4913E 01 0.1649E-00

4 0.3738E-00 0.2675E 01 0.5351E 01 0.1796E-00
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GA/Phys/63-5,6

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---O,O---C VENUS-CLOSE
4 CORRECTION STEPS
N R ANGE TIME DELTA-TIME

0 0.1635E 03 0.1261E 04 0.

1 0.6181E (12 O.4147E 03 0.7927C 03

2 0.2379E 02 0.1796E 03 0.2951E 03

3 0.9582E 01 0.7023E 02 0.1094L 03

4 0.4271C 01 0.2964E,02 C.4059C 02

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---O,0 --- C VENUS-CLOSE
6 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.1635E 03 0.1267E 04 0.
I 0.8537E 02 0.6582E 03 0o6092E 03
2 0.4483E 02 0.3427E 03 0.3155E 03

3 0.2379F 02 0.1796[ 03 0.1631E 03
4 0.1287E 02 0.9547E 02 0.8416E 02
5 0.7209E 01 0.5209E 02 0.4338E" 02

6 0.4270E 01 0.2964E 02 0.2245E 02

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---O, O---C VEwUS-CLUSE
8 CORRECTIO- STEPS
N RANGE TIME DELTA-rfME
0 0.1635E 03 0.1267E 04 0.
I 0.1004E 03 0.7752E 03 0.4922E 03
2 0.618LE 02 0.4747E 03 0.3005E 03
3 0.3822E 02 0.2914E 03 0.1833 . 03
4 0.2379E 02 0.1796E 03 0.1117- 03
5 0.1497E 02 0.I116E 03 0.6803r- 02
6 0.9583E 01 0.7023E 02 0.4138r 02
7 0.6286E 01 0.4505E 02 0.2519E 02
8 0.4271E 01 0.2964E 02 0.1540E 02
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G-A/Phys/63-6 ,6

COMPARISON CF LCNGITUDINAL AND TRANSVERSE VELOCITY ERRORS

CLASS EX---00,---0 VENUS
BCN= 0.1091E 02 AON= 0.3857E 01 ECCOz 0.3000E 01

TRANSVERSE ERROR
RN DELRPN P 0

0.1635E 03 0.1763E 01 0.1251E 04 0.1OOOE 01
0.3886E 02 0.4033E-00 0.2861E C3 0.2288E-00
0.7GOIE 02 0.7450E 00 0.5284E C3 0.4225E-00
0.1012E 03 0.1084E 01 0.7691E 03 0.6150E 00
0.13236E 03 0.1424E 01 0.1010E 04 0.8074E 00

LONGITUDINAL ERROR
RN DELRPN P Q

0.1635E 03 0.5380E-01 0.3816E C2 0.IO00E 01
0.3886E 02 .0.4227E-01 0.2998E G2 0.7856E 00
0.TOOE 02 0.4878E-01 0.3460E 02 0.9067E 00

01012E 03, 0.5144E-01 0.3648E C2 0.9561E 00

0.1323E 03 0.5289E-01 0.3751E C2 0.9831E 00

VARIATIONSCN PERI-APSIS DISTANCE--VENUS
CLASS EX--- 0.0---D
BN= 0.1091E 02 RPERN(l)= 0.7714E 01 DVON= 0.8765E-ul

RN DELOPN... P 0
0.1635E 03 0.1763E 01 0.1251E 04 0.1OOOE 01
0.1550E 02 0.1358E-00 0.9629E 02 0.7700E-01
0.2329E 02 o02282E-00 0.1618E C3 0.1294E-00
0.3108E 02 0.3166E-00 0.2245E C3 0.1795E-00
0.3886E 02 0.4033E-00 0,2861E C3 0.2288E-00
0.4665E 02 0,4893E-00 0.3470E C3 0.2775E-00
0:5444E 02 0.5748E 00 0.4077E 03 0.3260Er00

0.6223E 02 0.6600E 00 0.4681E C3 0.3743E-00
0.7001E 02 0.7450E 00 0.5284E 03 0.4225E-00
0.7180E 02 0.8299E 00 0.5886E 03 0.4707E-00
0.8559E 02 0.9148E 00 0.6488E 03 0.5188E 00
0.9337E 62" 0.9996E 00 0.7089E 03 0.5669E 00
0.1012E 03 O.1684E 01 0.7691E C3 0.6150E 00
0.1089E 03 0.1169E 01 0.8292E C3 0.6631E 00
0.1167E 03 0.1254E 01 0.8893E C3 0.7112E 00
0.1245E 03 0.1339E 01 0.9495E 03 0.7593E 00
0.1323E 03 0.1424E 01 0.1010E 04 0.8074E 00
O.1401E 03 O.ISOBE 01 0.1070E 04 0.8555E 00
0.1479E 03 0.1593E 01 0.1130E C4 0.9037E 00
0.1557E 03 "01678E 01 0.1190E C4 0.9518E 00
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GA/Phys/63-5,6

M=3 F= C.7616L 00 FM= 0.1313E 01 NOPT= 1
N RED. FACTOR ULY.FACTOR SUM/W SUM/29.8
1 C.1616E OC 0.1313E 01 0.1313E 01 0.4406E-01

V=4 FQ= 0.5077E 00 FM= 0.1910E Cl NOPT= 1
N RED. FACTOR MULr.FACTOR SUM/W SUM/29.8
I 0.5077E 00 0.1;70E 01 0.1970E 01 0.6609E-Ol

M=5 FQ= 0.3808E-00 FM= 0.2626E 01 NOPT= 2
N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8
2 0.6171E 00 0.1621E 01 0.2292E 01 0.76g0E-Cl
I 0.3808E7 00 0.2626E 01 0.2626E 01 0.8812E-01

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---0,0---D VENUS-OPT
1 CORRECTION STEPS
N RANGE TIME OELTA-rIME
0 0.1635E 03 0.4293E 04 0.
I 0.6704E 02 0.1681E 04 0.2612E 04

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---0,0---D VE-AUS-OPT
2 CORRECTION STEPS
N RANGE TIME DELTA-rIME
0 0.1635E 93 0.4293E 04 0.
I 0.1038E 03 0.2671E 04 0.1622E 04
2 0.6704E 02 0.1681E 04 O.qqOOE 03
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GA/PhYs/63-5,6

CCMPARISON CF LONGIfUDINAL AND TRANSVERSE VELOCITY ERRORS
CLASS EX---C.0---D0 VENUS
8ON= 0.3114E 01 AON= 0.3857E 01 ECCC= 0.1285E 01
TRANSVERSE ERROR

RN OELRPN P Q
0.1635E 03 U.1336E 01 0.9477E C3 0.1O00E %1
0.3357E 02 0.2474E-00 0.1755E C3 0.1852E-O0
U.6604E 02 0.5027E 00 0.3565E C3 0.3762E-00
0.9852E 02 0.7703E 00 0.5463E C3 0.5765E 00
0.1310E 03 O.1C49E 01 0.7436E 03 0.1847E 00
LONGITUDINAL ERROR

RN UELRPN P 0
0.1635E 03 , 0.1887E-01 0.1338E C2 0.1O00E 01
0.3357E 02 0.1695E-01 0.1202E 02 0.8980E 00
0.6604E 02 O.1809E-Ul 0.1283E 02 0.9584E 00
0.9852E 02 0.1851E-01 0.1313E 02 0.9810E 00
0.1310E 03 0.1873E-01 0.1329E 02 0.9927E 00

VARIATIONS CN PERI-APSIS DISTANCE--VENUS
CLASS EX---.OO---D
8CN= 0.3114E Cl RPERN(2)= 0.IIOCE 01 DVON= 0.1188E-CO

RN DELRPN P Q
0.1635E 03 0.1336E 01 0.9477E C3 0.1000E 01
0.9218E 01 0.6439E-01 0.4567E C2 0.4819E-01
0.1'134E 02 0.1247E-00 0.8846E 02 0.9334E-01
0.2545E 02 0..1857E-00 0.1317E C3 0.1390E-00
0.3357E 02 0.2474E-00 0.1755E C3 0.1852E-00
0.4169E 02 0.310E-00 0.2199E C3 0.2320E-00
0.4981E 02 0.3735E-00 0.2649E C3 0.2795E-00
0.5793E 02 0.4377E-00 0.31C4E C3 0.3276E-00
0.6604E 02 0.5027E 00 0.3565E C3 0.3762E-00
0.7416E 02 0.5685E 00 0.4032E C3 0.4255E-00
0.8228E 02 0.6350E 00 0.45CAE C3 0.4753E-00
0.9040E 02 0.7T23E 00 0.4981E C3 0.5256E 00
0.9852E 02 0.7703E 00 0.5463E 03 0.5765E 00
0.1066E 03 0.8389E 00 0.5949E C3 0.6278E 00
0.1148E 03 0.9081E 00 0.6441E 03 0.6797E 00
0.1229E 03 0.918CE 00 0.6936E C3 0.732CE 00
0.1310E 03 0.104QE 01 0.7436E C3 0.7847E 00
0.1391E 03 0.1120E ul 0.7941E C3 0.8379E 00
0.1472E 03 0.1191E 01 0.8449E C3 0.8915E 00
0.1553E 03 0.1263E 01 0.8961E C3 0.9456E 00
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GA/PhYs/63-5,6

M:l FQ= 0.7484E-01 FM= 0.1336E 02 NCPT= 5
N RED. FACTOR MULI.FACTOR SLM/W SUM/29.8
5 0.5954E 00 0.1679E 01 0.3755E 01 C.1260E-00

4 0.5230E 00 0.1912E 01 0.3824E 01 C.1283E-00
3 0.4214E-OC G.2373E 01 0.4110E 01 0.1379E-00

2 0.2736E-00 0.3655E 01 0.5170E 01 C.1735E-00

1 -0.1484E-01 0.1336E 02 0.1336E 02 0.4484E-00

M=2 FQ= 0.2994E-01 FM= 0.3340E C2 NOPT: 7

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

7 0.6058E 00 0.1651E 01 0.4368E 01 0.1466E-0k;

6 0.5572E 00 0.1795E 01 0.4396E 01 0.1475E-00

5 0.4957E-00 0.2017E 01 0.4511E 01 0.1514E-00

4 0.416CE-00 0.2404E 01 0.4808E 01 C.1613E-00

3 0.3105E-00 0.3221E 01 0.5578E 01 0.1872E-00

M=3 FQ= 0.1497E-01 FM= 0.6681E C2 NOPT= 8

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

8 0.5914E 00 0.1691E 01 0.4782E 01 C.1605E-fPn

7 0.5487E 00 0.1823E 01 0.4822E 01 0.1618E-60

6 0.4964E-00 0.2014E 01 0.4934E 01 0.1656E-00

5 0.4316E-00 0.2317E 01 0.5181E 01 0.1739E-00

4 0.3498E-00 0.2859E 01 0.5718E 01 0.1919E-00

M=4 FL: 0.9979E-02 FM= 0.1002E 03 NOPT= 9
N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8

9. 0.5993E 00 C.1668E 01 0.5C05E 01 0.1680E-00

8 0.5622E 00 0.1779E 01 0.5C31E 01 0.1688E-00

7 0.5178E 00 0.1931E 01 0.5110E 01 0.1715E-00

6 0.4640E-00 0.2155E 01 0.5279E 01 0.1772E-00

5 0.39TE-00 0.2513E 01 0.5619E 01 0.1886E-00

M=5 FQ= C.7484E-02 FM= 0.1336E C3 NOPT=10

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

10 0.6129E 00 0.1631E 01 0.5159E 01 0.1731E-00

9 0.5805E 00 0.1723E 01 0.5168E 01 C.1734E-CO

8 0.5423E 00 0.1844E 01 0.5215E 01 0.1750E-00

7 0.4969E-00 0.2012E 01 0.5324E 01 0.1787E-00

6 0.4423E-00 0.2261E 01 0.5538E 01 0.1859E-00

172



GA/Phy/63-6,6

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---OO---D VEUS-CLOSE
6 CORRECTION STEPS
N RANGE TIME )ELTA-IIME
0 0.1635E 03 0.4211E 04 n.
1 0.7293E 02 0.1767E 04 f.2444t 04
2 0.3287E 02 0.7251E 03 0.1042E 04
3 0.1515E 02 0.2944E 03 0.4307k 03
4 0.7315E 01 0.1229E 03 0.17151 03
5 0.3849E 0l 0.559IE 02 0.6703E 02
6 0.2316E 01 0.2870E 02 0.2721C 02

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---0,0---D VENUS-CLOSE
8 CORRECTION STEPS
N RANGE TIME UELTA-1IME
0 0.1635E 03 0.4211E 04 0.
1 0o8917E 02 0.2200E 04 0.2011E 04
2 0.4886E 02 0.1135E 04 0.1065C 04
3 0,2700E 02 0,5786E 03 0.5560L 03
'4' 0.1515E 02 0,2943E 03 0.2844E 03
5 0.8717E 01 0.1520E 03 0.1423E 03
6 0.5231E 01 0.8171E 02 0.7026E 02
7 0.3340E 01 0.4674E 02 0.3496E 02
8 0.2315E 01 0.2869E 02 0.1806E 02

TI.ME FROM PERI-APSIS IN MINUTES

CLASS EX---010---D VENUS-CLOSE
10 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.1635E 03 0.4211E 04 0.
1 0.1006E 03 0.2508E 04 0.1703F 04
2 0.6210E 02 0.1481E 04 0.1027E 04
3 03849E 02 0.8676E 03 0.6134E 03
4 0.2402E 02 0.5053E 03 0.3623k- 03
5 0.1515E 02 0.2943E 03 O.2111L 03
6 0.9708E 01 0.1730E 03 0.1212E 03
7 0.6376E 01 0.1040E 03 0.689TE 02
8 0.4334E 01 0.6481E 02 0.3924E 02
.9 0.3082E 01 0.4216E 02 0.2265E 02
10 0.2315E 01 0.2868E 02 0.1347E 02
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GA/Phys/63-5,6

COMPARISON CF LONuI|UDLNAL AND TRANSVERSE VELOCITY ERRORS
CLASS 61--1/2.1--H MARS
PCN= 0.52001 I1 AON= O.1<338E 01 ECCC= O.3000E 01
TRANSVERSE E'ROR

iN DELRPN P 0
0.3211E 03 0.4966E 01 0.3522E C4 0.1000E 01
0.6116E 02 0.1cl6(F 01 0.7206E C3 0.2046E-00
0.[306E 03 0.1994C 01 0.1414E C4 0.4016E-00
0.I941E 03 0.298OE 01 0.2113E 04 0.6001E 00
J.23761- 03 0.3971E 01 0.2816E G4 0.7996E Ou
LONGITUDINAL LRROR

R N i)ELRPN v
0.3211E 03 0.3778E-01 0.2679E C2 0.1000E 01
(.6i16E 02 0.3536E-01 0.25LdE C2 0.9360E 00
0.1306E 03 0.3683E-01 0.2612E 02 0.9750E 00
0.1941E 03 0.3135E-01 0.2649E C2 0.9837E 00
0.2516E 03 0.3162E-0l 0.266dE 02 0.9957E 00

VARIATIONS CN PERI-APSIS DISTANCE--IPARS
CLASS 8I--1/2.1--h
BUN= 0.5200E 01 RPERN(1)= 0.3677E 01 DVON= C.6252E-01

RN DELRPN P 0
0.3211E 03 0.4966E 01 0.3522E C4 0.100CE 01
0.1955E 02 0.2855E-00 0.2025E 03 0.5750E-01
0.3542E 02 0.5298E 00 0.3757F C3 0.1067E-00
0.5129E 02 0.7128E 00 0.5481E C3 0.1556E-00
0.6716E 02 0.1G16E 01 0.7206E C3 0.2046E-00
0.8303E 02 0.1260E 01 0.8935E C3 0.2537E-00
0.9tb90E 02 0.1504E 01 0.1067E C4 0.3029E-00
0.1148E 03 0.1749E 01 0.1240E C4 0.3522E-00
0.1306E 03 0.1994E 01 0.1414E 04 0.4016E-00
0.1465E 03 0.2240E 01 0.1589E C4 0.4511E-00
0.1624E 03 0.2486E 01 C.1763F 04 0.5007L 00
0.1782E 03 0.2733E 01 0.1938E C4 0.5503E 00
0.1941E 03 0.2480E 01 0.2113E 04 0.6001E 00
0.2100E 03 0.3227E 01 0.2289E C4 0.6499E 00
0.2259C 03 0.347rE 01 C.2464E 04 0.6997E 00
0.2411E 03 0.312/E 01 0.2640E C4 0.7496E 00
0.2516E 03 0.3971E 01 0.2816E 04 0.7996E 00
0.2735E 03 0.4219E 01 0.2992 C4 0.8497E 00
0.2893E 03 0.4468E 01 C.3169E C4 0.8997E 00
0.3052E 03 0.4711E 01 0.3345E C4 0.9498E uO
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M=l FQ= 0.5391E 00 FM= 0.1855E Cl NCPT= 1

N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8

1 0.5391E 00 0.1855E 01 0.1855E 01 C.6225E-01

M=2 FQ= 0.2156E-00 FM= O.4638E 01 NOPT= 3

N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8

3 0.5q97E 00 0.1668E 01 O.2888E 01 0.9693E-01

2 0.4644E-00 0.2154E 01 0.3C46E 01 0.1022E-00

I 0.2156E-OC 0.4638E 01 0.4638E 01 O.1556E-on

M=3 FQ= 0.1078E-00 FM= 0.9275E Cl NOPT= 4

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

4 0.5730E 00 0.1145E 01 0.3490E 01 O.117IE-00

3 0.4759E-00 0.2101E 01 0.3639E 01 0.1221E-00

2 0.3283L-00 0.3046E 01 0.4307E 01 0.1445E-00

I 0.1078E-00 0.9275E 01 0.9275E 01 0.3113E-00

M=4 FQ= 0.7188E-01 FM= 0.1391E 02 NOPT= 5

N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8

5 0.5906E 00 0.16g3E 01 0.3786E 01 O.1210E-O0

4 0.5178E 00 0.1931E 01 0.3863E 01 0.1296E-00

3 0.4158E-00 0.2405E 01 0.4166E 01 0.1398E-00

2 0.2681E-00 0.3730E 01 0.5275E 01 0.1770E-00

1 0.7188E-01 0.1391E 02 0.1391E 02 0.4669E-00

M=5 FQ= 0.5391E-01 FM= 0.1855E C2 NOPT= 6

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

6 0.6146E 00 0.1627E 01 0.3985E 01 0.1337E-00

5 0.5576E 00 O.1793E 01 0.4C1OE 01 0.1346E-00

4 0.4818E-00 0.2075E 01 0.4151E 01 0.1393E-00

3 0.3778E-00 0.2647E 01 0.4585E 01 0.1539E-00

2 0.2322E-00 0.4307E 01 0.6C91E 01 0.2044E-00
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GA/Phys/63-5,6

TIME FROM PERI-APSIS IN MINUTES

CLASS BI--I/2,i--H MARS-OPT
2 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.3211E 03 0.6708E 04 0.
I 0.7738E 02 O.1556E 04 0.5152L 04
2 0.2079E 02 0.3866E 03 0.1169E 04

TIME FROM PERI-APSIS IN MINUTES

CLASS BI--1/2,--H MARS-OPT
4 CORRECTION STEPS
N RANGE TIME DELTA-1IME
0 0.3211E 03 0.6708E 04 0.
I 0.1566E 03 0.3222E 04 0.34851 04
2 0.7736E 02 0.1555E 04 0.1667L 04
3 0.3918E 02 0.7621E 03 0.7932E 03
4 0.2078E 02 O3864E 03 0.37571 03

TIME FROM PERI-APSIS IN MINUTES

CLASS b1--1/2,1--H MARS-OPT
6 CORRECTION STEPS
N RANGF TIME DELTA-lIME
0 0.3211E 03 0.6708E 04 U.
i 0.I988E 03 0.4113E 04 0.2594E 04
2 0.1236E 03 0.2526E 04 0.1588E 04
3 0.7737E 02 0.155E 04 0.q701 03
4 0.4897E 02 0.9642E 03 C.5912L 03
5 0.3151E 02 0.6047E 03 0.3594E 03
6 0.2078E 02 0.3865E 03 0.2183F 03
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GA/Phys/63-6 ,6

COMPARISON CF LGNGITUOINAL AND TRANSVERSE VELOCITY ERRORS
CLASS t [-- 12. L--H MARS
RON= 0.2292E 01, A0N= 0.1838E 01 ECCO= 0.1598E 01
TRANSVERSE ERRORi

RN I)ELRPN P Q
0.3211E 03 0.4698E 01 0.3332F C4 0.1000E 01
0.651.OE 02 0.8650E 00 0.6135E 03 0.1841E-00
0,1291E 03 0.1784E ol 0.1266E C4 0.3798E-00
0.1931E 03 0.2138E 01 0.1942E 04 0.5829E 00
O.2571E 03 0.3712E 01 0.2633E C4 0.7901E 00
LONGITUDINAL 'ERROR

RN DELRPN P Q
0.3211E 03 0.2158E-01 0.1530E C2 0.1O00E 01
0.6510E 02 0.2082E-01 0.1477E C2 0.9649E 00
0.1291E 03 0.2129E-01 0.1510E 02 0.9865E 00
0.1931E 03 0.2145E-01 0.1521E 02 0.9939E 00
0.2571E 03 0.2153E-01 0.1521E C2 0.9977E 00

VARIATIONS CN PERI-APSIS DISTANCE--PARS
CLASS BI--1/2.o--1
BON= 'J1.2292E 01 RPERN(2)= 0.110CE 01 DVON= C.6995E-C1

. DELkPN- P Q
0.3211E 03 0.4698E 01 0.3332E C4 0.100E 01
0-,ITO" 02 0.2156E-00 0.1529E 03 0.4590E-01
0.3310E 02 0.4269E-00 0.3028E C3 0.9088E-01
0.4910E 02 0.6436E 00 0.4565E C3 0.1370E-00
0.6510E 02 0.8650E 00 0.6135E 03 0.1841E.-00
0.SI1OE 02 . O.1C90E 01 0.7733E 03 0.2321E-00
0.9709E 02 0.1319E 01 0.9354E C3 0.2808E-00
0.1131E 03 0.1550E 01 0.1100E C4 0.3300E-00
0.1291E 03 0.1784E 01 C.1266E 04 0.3798E-00
0.1451E 03 0.2020E 01 0.1433E C4 0.4301E-00
0.1611E 03 0.2258E 01 0.16C2E C4 0.4807E-00
0.1771E 03 0.2498E 01 0.171E 04 0.5316E 00
0.1931E 03 U.2738E 01 0.1942E 04 0.5829E 00
0.2091E 03 0.298)E 01 0.2114E C4 0.6344E 00
0.2251E 03 0.3223E 01 0.2286E C4 0.6861E 00
0.2411E 03 0.3467E 01 0.2459E C4 0.7380E 00
0.2571E 03 0.3712E 01 0.2633E C4 0.7901E 00
0.2731E 03 0-3957E 01 0.2807E C4 0.8424E 00
0.2891E 03 0.4204E 01 0.2981E 04 0.8948E 00
0.3051E 03 0.445UE 01 0.3156E C4 0.9473E 00
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QA/Phys/63-5,6

M=l FW= 0.2129E-01 FM= 0.4698E r2 NOPT= 8

N RED. FACTOR MULI.FACTOR SLM/W SUM/29.8

8 0.618CE 00 0.1618E 01 0.4576E 01 0.1536F-00

7 0.577CE CC 0.1133E 01 0.4586E Ol 0.1539E-00

6 0.5264E 00 C.1900E 01 0.4653E 01 C.1561E-00

5 0.463CE-00 0.2160E 01 0.4829E 01 0.1620E-00

4 0.382CE-00 0.2618E 01 0.5236E 01 0.1757E-CO

M=2 FQ= C.8515E-02 FM= 0.1174E C3 NOPT=IC

N RED. FACtOR MULr.FACTOR SLM/W SUM/29.8

10 0.620SE O0 C.1611E 01 0.5C93E 01 0.1709E-00

9 0.5889E 00 0.1698E 01 0.5C95E 01 0.1710E-0

8 0.5512E CC 0.1814E 01 0.5132E 01 0.1722E-00

7 0.5062E 00 0.1976E 01 0.5227E 01 0.1754E-00

6 0.4519E-00 0.2213E 01 0.5421E 01 0.18198-0

P=3 FQ= 0.4257E-02 FM= 0.2349E C3 NCPT=ll

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.H

11 0.6088E 00 0.1643E 01 0.5448E 01 0.1828E-00

10 0.5793E 00 0.1126E 01 0.5459E 01 0.18328-CO

9 0.5452E OC 0.1834E 01 0.5502E 01 0.1846E-CO

8 0.5054E 00 0.1979E 01 0.5596E 01 0.1878E-00

7 0.4585E-00 0.2181E 01 0.5771E 01 0.1937E-00

I=4 FQ: 0.2838E-02 FM= 0.3523E 03 NDPT=I2

N RED. FACTOR MULIT.FACTOR SLM/W SUM/29.8

12 0.6134E 00 0.1630E 01 0.5647E 01 0.1895F-00

11 0.5868E 00 0.1704E 01 0.5652E 01 0.1897E-00

IC 0.5563F 00 0.1198E 01 0.5685E 01 0.1908E-00

9 0.5212E 00 0.1919E 01 0.5756E 01 0.1932E-00

8 0.4804E-00 0.2081E 01 0.5887E 01 0.1976E-00

M=5 FQ= 0.2129C-02 FM= 0.4698E C3 NOPT=12

N RED. FACTOR MIJLT.FACTOR SLM/W SUM/29.8

12 0.598SE 0C 0.1670E 01 0.5184E 01 0.1941E-00

11 0.5716E 00 C.1749E 01 0.5802E 01 0.]947E 00

10 U.5405E 00 0.1850E 01 0.5850E 01 0.1963E-00

9 0.5048E 00 (.19818 01 0.5943E 01 0.1994E-C0

8 0.4635E-OC G.2158E 01 0.6103E 01 0.2048E-00
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GA/PhYs/63-6 D6

TIME FROM PERI-APSIS IN MINUTES

CLASS BI--1/291--H MARS-CLOSE
8 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0o3211E 03 0.6684E 04 0.
1 0.1494E 03 0.3047E 04 0.3636L 04
2 0.6985E 02 0.1377E 04 C.1670E 04
3 0:3296E 02 0.6163E 03 0.7605E 03

__4 . '1581 02 0.2754 03 C.3409E 03
5 0.7945E 01 0.1258E 03 0.1497L 03
6 0.4273E 01 0.6096E 02 0.6479E 02
7 0.2571E 01 0.3239E 02 0.2856E 02
8 0.1782E O 0.1891E 02 0.1349E 02

TIME FROM PERI-APSIS IN MINUTES

CLASS BI--1/2,1--H MARS-CLOSE
10 CORRECTION STEPS
N RANGE TIME DELTA-lIME
0 0.3211E 03 0.6684E 04 C.
I 0.1741E 03 0.3568E 04 0.3116E 04
2 0,9458E 02 0.1894E 04 0.1674E 04
3 0.5163E 02 0.9989E 03 0.8948E 03
4 0.284iE 02 0.5242E 03 0.4147TE 03
5 0.1586E 02 0.2753E 03 0.2489F 03
6 0.9079E 01 0.1465E 03 0.1288E 03
7 0.5412E 01 0.8059E 02 0.6591E 02
8 0.3431E 01 0.4675E 02 0.3385E 02
9 0.2360E 01 0.2887E 02 0,1788[ 02

10 0.1781E 01 0.1889E 02 0.9971E 01

TIME FROM PERI-APSIS IN MINUTES

CLASS B--1/291--H MARS-CLOSE
12 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.3211E 03 0.6684E 04 0.
1 0.1927E 03 0.3963E 04 0.2721E 04
2 0.1159E 03 0.2341E 04 0.1622E 04
3 0.6984E 02 0.1377E 04 0.9640E 03
4 0.42271E 02 0.8062E 03 0.57041 03
5 0.2576E 02 0.4708E 03 0.3354E 03
6 0.1587E 02 0.2754E 03 0.1q55E 03
7 0.q944E 01 0.1625E 03 0.1128E 03
8 0.6396E 01 0.9791E 02 0.6462E 02
9 0.4272E 01 0.6094E 02 0.3697E 02

10 0.3000E 01 0.3955E 02 0.2140E 02
11 0.2238E 01 0.2681E 02 0.1274F 02
12 0.1781E OL O.1890E 02 0.79061 01
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GA/Phys/63-5,6

VARIATIONS CN PERI-ApSlS DISTANCE--PARS
CLASS IN---C.C---A
BCN= 0.7775E Co RPERN(1)= 0.5498E OC DVONz C.1617E-00

CCMPARIS0N CF LONGITUDINAL AND TRANSVERSE VELOCITY ERRORS
CLASS IN---G •.C---A MARS
BON= 0.1347E 01 AON= 0.2749E-00 ECCO= 0.5002E 01
TRANSVERSE ERN OR

RN OELRPN P Q
0.3211E 03 0.1963E OL 0.1392E C4 0.1000E 01
0.6510E 02 , 0.3950E-O0 0.2801E 03 0.2012E-00
0.1291E 03 0.7857E 00 0.5513E G3 0.4002E-00
0.1931E 03 0.1178E 01. 0.8352E 03 0.5998E 00
0.2571E 03 0.1570E 01 O.1114E C4 0.7998E 00
LONGIrUDINAL ERROR

KN DELRPN P 0
O.32LIE 03 0.2680E-02 0.19ClE 01 0.1000E 01
0.6510E 02 0.2635E-02 0.1869E Cl 0.9832E 00
0.129LE 03 0.2663E-02 0.1888E Cl 0.9936E 00
0.1931E 03 0.2672E-o2 0.1895E Cl 0.9972E 00
0.2tl1E 03 0.2677E-02 0.1898E Cl 0.9989E 00

VARIATIONS CN PERI-APSIS DISTANCE--PARS
CLASS IN---O.O---A
BON= 0.1347E 01 RPERN(2)= 0.1ICCE 01 DVON= 0.1657E-O0

RN DELRPN P Q
0.3211E 03 0.1963E 01 0.1392E C4 0.1000E 01
0.171OE 02 OIC31E-00 0.7314E C2 0.5253E-01
0.3310E 02 0.2C03E-00 0.1421E 03 0.1020E-00
0.4910E 02 0.2976E-00 0.2111E C3 0.1516E-00
0.6510E 02 0.3950E-00 0.2801E 03 0.2012E-00
0.81I10 02 0.4925E-00 0.34S3E 03 0.2509E-00
0.9109C 02 0.5902E 00 0.4186E C3 0.3006E-00
0.1131E 03 0.6879E 00 0.4879E C3 0.3504E-00
0.1291E 03 0.7857E 00 0.5573E 03 0.4002E-00
0.1451E 03 0.8836E 00 0.6267E C3 0.4501E-00
0.16IIE 03 0.9816E 00 0.6962E C3 0.4999E-00
0.1771E 03 O.1080E 01 0.7657E C3 0.5499E 00
0.1931E 03 0.1178E 01 0.8352E C3 0.5998E 00
0.2C91E 03 0.1276E 01 0.9048E C3 0.6498E 00
0.2251E 03 0.1374E 01 0.9744E C3 0.6998E 00
0.2411E 03 0.1472E 01 0.1044E C4 0.7498E 00
0.2511E 03 0.1570E 01 0.1114E C4 0.7998E 00
0.2731E 03 0.1669E 01 0.1183E C4 0.8498E 00
0.2891E 03 0.1767E 01 0.1253E 04 0.8999E 00
0.3S51E 03 0.1665E 01 C.1323E C4 0.9499E 00
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GA/PhYs/63=0,6

MH= FQ= C.5093E-01 FM= 0.1963E C2 NCPT= 6

N RED. FACTOR MULT.FACfOR SLM/W SUM/29.8

6 0.6088E 00 0.1642E 01 C.4C23E 01 0.1350E-O0

5 0.5513E O0 0.1814E 01 0.4C56E 01 0.1361E-00

4 0.4751E-O0 O.2105E 01 0.4210E 01 C.1413E-00

3 0.3707E-00 0.2698E 01 0.4673E 01 0.1568E-00

2 0.2257E-00 C.4431E 01 0.6266E 01 0.2103E-00

M=2 FQ= 0.2037E-01 FM= 0.4908E C2 NOPT= 8

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

8 0.6147E 00 0.1627E 01 0.4602E 01 0.1544E-OU

7 0.5734E 00 0.1744E 01 0.4614E 01 0.1548E-00

6 0.5226E 00 0.1913E 01 0.4687E 01 0.1573E-00

5 0.459CE-00 C.2179E 01 0.4872E 01 0.1635E-00

4 0.3778E-00 0.2647[ 01 0.5294E 01 C.1776E-00

M=3 FU= 0.1019E-01 FM= 0.9817E C2 NOPT= 9

N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8

9 0.6007E 00 0.1665E 01 0.4S94E 01 0.1676E-10

8 0.5636E 00 0.1774E 01 0.5C18E 01 0.1684E-00

7 C.5193E 00 0.1926E 01 0.5C95E 01 0.1710E-00

6 0.4656E-00 0.2148E 01 0.5261E 01 C.1765E-00

5 C.3996E-00 0.2503E 01 0.5596E 01 0.1878E-00

M=4 FQ= 0.6791E-02 FM= 0.1473E C3 NOPT=1O

N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8

10 0.6070E 00 0.1647E 01 0.5210E 01 0.1748E-00

9 C.5743E 00 0.1741E 01 0.5224E 01 O.1753E-0O

8 0.5358E 00 0.1866E 01 0.5279E 01 0.1771E-00

7 0.4901E-00 0.2040E 01 0.5398E 01 0.1812E-00

6 0.4352E-00 0.2298E 01 0.5629E 01 0.1889E-00

M=5 FQ= 0.5093E-02 FM= 0.1963E C3 NOPT=ll

N RED. FACTOR MULT.FACTOR SLM/W SUM/29,8

11 0.6188E 00 0.1616E 01 0.5360E 01 0.1799E-00

1C 0.5898E 00 0.1696E 01 0.5362E 01 0.1799E-00

9 0.5562E 00 0.1798E 01 0.5394E 01 0.1810E-00

8 0.5169E 00 0.1935E 01 0.5472E 01 0.1836E-00

7 0.4704E-00 0;2126E 01 0.5625E 01 0.1888E-00

18".



GA/Phys/63-5,6

TIME FROM PERI-APSIS IN MINUrES

CLASS IN---0,O---A MARS-CLOSE
7 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.3211E 03 0.2640E 04 0.
1 0.1516E 03 0.1242E 04 0.1398E 04

2 0.7191E 02 0.5854E 03 0.6567 03
3 0.3441E 02 0.2773E 03 0.3081E 03
4 0.1677E 02 0.1330E 03 0.1443E 03

5 0.8470E 01 0.6556E 02 0.6744E 02
6 0.4567E 01 0.3395E 02 0.3161L 02
7 0.2731E Uk 0.1885E 02 O.151OF 02

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---O,O---A MARS-CLOSE
9 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.3211E 03 0.2640E 04 0.
1 0.1791E 03 0.1468E 04 0.1171 - 04

2 0.IO01E 03 0.8174E 03 0.651F 03

3 0.5616E 02 0.4559E 03 0.3615 03
4 0.3172E 02 0.2553E 03 0.2006C 03

5 0.1813E 02 0.1441E 03 0.1112F 03
6 0.1057E 02 0.826LE 02 0.6152E 02

7 0.6369E 01 0.4855E 02 0.34064E 02
8 0.4031E 01 0.2959E 02 0.1897F 02

*q 0.2730E 01 0.1885E 02 0.1074' 02

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---O,O---A MARS-CLOSE
11 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.3211E 03 0.2640E 04 0.
I 0.1991E 03 0.1634E 04 0.1006E 04

2 0.1236E 03 O.IOI E 04 0.6223C 03

3 0.7692E 02 0.6267E 03 0.3847; 03

4 0.4802E 02 0.3890E 03 0.23773 03

5 0.3013E 02 0.2422E 03 0.1467E 03

6 0.90E 02 0.1517E 03 0.9051t' 02

7 0.1222E 02 0.9596E 02 0.5578E 02

8 0.7979E 01 0.6158E 02 0.3437E 02

9 0.5357E 01 0.4036E 02 3.2122e 02

10 0.3734E 0I 0.2717E 02 0.1319E 02

11 0.2730E 01 0.1885F 02 0.e320' 01
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GA/Phyr/63-,6

VARIATIONS CN PERI-APSIS DISTANCE--OARS
CLASS IN---O.O---B
OCN= 0.3549E-CO RPERN(1)= 0.250SE-OC DVON= 0.2393E-00

CCMPARISON CF LONGITUDINAL AN[ TRANSVERSE VELOCITY ERRORS
CLASS IN---0.0 --- B MARS
BON= 0.1219E Ll AON= 0.1255E-00 ECCO= 0.9767E 01
TRANSVERSE ERROR

RN DELRPN P Q
0.3211E 03 0.1334E 01 0.9462E C3 0.1O00E 01
0.6510E 02 0.2700E-uO U.1915E 03 0.2023E-00
O.1291E 03 0.5358E UO 0.3800E 03 0.4016E-00
O.1931E 03 O.bO8E 00 0.5687E C3 0.601GE 00
0.2571E 03" 0.1068E 01 0.7574E C3 O.8004E 00
LONGITUDINAL ERROR

RN DELRPN p Q
0.3211E 03 0.9323E-03 0.6612E CO 0.1O00E 01
0.6510E 02 0.9153E-03 0.6492E CO 0.9819E 00
O.1291E 03 0.9241E-03 0.6554E CO 0.9912E 00
0.1931E 03 0.9270E-03 0.6574E 00 0.9944E 00
0.2571E 03 0.9285E-03 U.65e5E CO 0.9959E 00

VARIATIONS CN PERI-APSIS DISTANCE--FARS
CLASS IN---0.0---B
BON= O.1219E Cl RPERN(2)= O.IL0CE 01 DVON= O.2608E-GO

RN DELRPN P 0
0.3211E 03 0.1334E 01 0.9462E C3 0.IO00E 01
0.1710E 02 0.7C6qE-O1 0.5014E C2 0.5298E-01
0.3310E 02 0.1371E-00 0.9726E C2 C.1028E-O0
0.4910E 02 0.2035E-00 0.1444E C3 0.1526E-00
0.6510E 02 0.27OOE-UO 0.1915E C3 0.2023E-00
0.8110 EO 2 0.3364E-CO 0.2386E C3 0.2521E-00
0.9709E 02 0.4028E-00 0.2857F C3 0.3019E-00
0.1131E 03 0.4693E-00 0.3328E C3 0.3518E-00
0.1291E 03 0.5358E 00 0.38OE C3 0.4016E-00
0.1451E 03 0.6023E 00 G.4271E 03 0.4514E-00
0.1611E 03 0.6688E 00 0.4743E C3 0.5013E 00
0.1771E 03 0.7353E 00 0.5215E G3 0.5511E 00
0.1931E 03 0.8018E 00 0.5687F 03 0.601CE 00
0.2091E 03 0.8683E 00 O.6158E C3 0.6508E 00
0.2251E 03 0.9349E 00 0.6630E C3 0.7007E 00
0.2411E 03 0.IOIE 01 0.71C2E C3 0.7506E 00
0.2571E 03 0.1068E 01 0.7574E C3 0.8004E 00
0.2731E 03 0.1135E 01 0.8046E C3 0.8503E 00
0.2891E 03 0.1201E 01 0.851BE C3 0.9002E 00
0.3051E 03 0.1268E 01 0.8990E C3 0.9501E 00
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cu/Phys/63--6, 6

M=l FQ= 0.7495E-01 FM= 0.1334F 02 NOPT= 5

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

5 0.5956E 00 0.1679E 01 0.3754E 01 0.1260E-00

4 0.5232E 00 0.1911E 01 0.3E22E 01 c.1283E-00

3 0.4216E-00 0.2372E 01 0.4108E 01 0.1379E-00

2 0.2738E-00 0.3653E 01 0.5166E 01 0.1733E-00

1 0.7495E-01 0.1334E 02 0.1334E 02 0.4477E-C0

M=2 FQ= 0.2998E-01 FM= 0.3336E C2 NOPT= 7

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

7 0.605GE 00 0.1650E 01 0.4367E 01 0.1465E-00

6 0.5574E 00 0.1794E 0l 0.4395E 01 0.1475E-CO

5 0.4959E-00 0.2017E 01 0.4509E 01 0.1513E-00

4 0.4161E-00 0.2403E 01 0.4806E 01 0.1613E-00

3 0.3107E-00 C.3219E 01 0.5575E 01 0.1871F00

M=3 FQ= 0.1499E-01 FM= 0.6671E C2 NOPT= 8

N RED. FACTOR MULI.FACTOR SUM/W SUM/29.b

8 0.5915E 00 0.1691E 01 0.4782E 01 0.1605E-00

7 0.5488E 00 C.1822E 01 0.4821E 01 0.1618E-C0

6 0.4966E-00 0.2014E 01 0.4S33E 01 0.1655E-CO

5 0.4317E-00 0.2317E 01 0.5180E 01 0.1738E-00

4 0.3499E-00 0.2858E 01 0.5716E 01 0.1918E-00

M=4 FQ= 0.9993E-02 FM= 0.1001E C3 NOPT: 9

N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8

9 0.5994E 00 0.1668E 01 0.5C05E 01 0. 1679E-00

8 0.5623E 00 0.1778E 01 0.5C30E 01 0.168hE-00

7 0.5179E 00 C.1931E 01 0.5109E 01 0.1714E-00

6 0.4641E-00 0.2155E 01 0.5278E 01 C.1771E-CO

5 0.3981E-00 0.2512L 01 0.5617E 01 0.188bE-00

M=5 FQ= 0.7495E-02 FM= 0.1334E 03 NOPT=10

N RED. FACTOR MULT.FACTOR SM/W SUM/29.8

10 0.613CE 00 0.1631E 01 0.5158E 01 0.173IE-6,1

9 0.5806E 00 0.1722E 01 0.5167E 01 0.1734E-00

8 0.5424E 00 0.1844E 01 0.5214E 01 0.1750E-00

7 0.497CE-00 0.2012E 01 0.5323E 01 0.1786E-00

6 0.4424E-00 0.2260E 01 0.5537E 01 0.IP5AE-00
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GA/Phys/63-5,6

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---OO---B MARS-CLOSE
6 CORRECTION STEPS

N RANGE TIME DELTA-TIME
0 0.3211E 03 0.1788E 04 0.
I 0.1427E 03 0.7929E 03 0.9950E 03
2 0.6373E 02 0.3530E 03 0.4399E 03
3 0.2881E 02 0.1586E 03 0.1944E 03

4 0.1336E 02 0.7276E 02 0.8583E 02
5 0.6523E 01 0.3480E 02 0.3796E 02
6 0.3499E 01 0.1781E 02 0.1699E 02

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---0,0---B MARS-CLOSE
8 CORRECTION STEPS
N RANGE TIME DELTA-lIME
0 0.3211E 03 0.1788E 04 0.
1 0.174TE 03 0.9713E 03 0.8166E 03

2 O.q524E 02 0.5285E 03 0.4427E 03
3 0.5216E 02 0.2886E 03 0.240CE 03
4 0.2880E 02 0.1585E 03 0.1300E 03
5 0.1612E 02 0.8810E 02 0.7042E 02
6 0.9248E 01 0.4995E 02 0.3816E 02
7 0.5520E 01 0.2920E 02 0.2075E 02
8 0.3497E 01 0.1780E 02 0.1140E 02

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---O,0---B MARS-CLOSE
10 CORRECTION STEPS
N RANGE TIME DELTA-TIME

0 0.3211E 03 0.1788E 04 0.

1 0.1973E 03 0.109ET 04 0.6906E 03

2 0.1213E 03 0.6740E 03 0.4232E 03

3 0.7481E 02 0.414TE 03 0.2593E 03

4 0.4628E 02 0.2558E 03 0.1589E 03

5 0.2880E 02 0.1565E 03 0.9729E 02

6 0.1808E 02 0.9897E 02 0.5957E 02

7 0.1151E 02 0.6249E 02 0.3648L 02

8 0.7480E 01 0.4012E 02 0.2237F 02

9 0.5011E 0l 0.2635E 02 0.1377L 02

10 0.349TE 01 0.1780E 02 0.8554E 01
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GA/PhYs/63- , 6

VARIATIONS ON PERI-APSIS DISTANCE-t$ARS
CLASS IN---C.O---C
BCN=O.1115E-CO RPERN(I)= 0.1881E-01 DVON= C.4271E-00

COMPARISON CF LONGIrUDINAL AND TRANSVERSE VELOCITY ERRORS
(.ASS IN---G.0---C. MARS
BON= 0.1139E Gl AON= 0.3940E-01 ECCC= 0.2892E 02
TRANSVERSE EkROR

RN DELRPN p 0
0.3211E 03 0.7493E O0 0.5314E C3 O.IO00E 01
0.6510E 02 0.1519E-00 0.1077E C3 0.2027E-00
0.1291E 03 0.3012E-UO 0.2136E C3 0.4020E-00
0.1931E 03 U.'50OE-O0 0.3196E C3 O.6013E 00
0.25"IE 03 0.5999E 00 0.4255E C3 0.8007E 00
LCN6I.TUDINAL ERROR

RN OELRPN P Q

0.3211E 03 0.1787E-03 0.1268E'-CO 0.O100E OL
0.6510E 02 0.1739E-03 0.1233E-CO 0.9729E 00
0.1291E 03 0.1754E-03 0.1244E-CO 0.9813E 00
0.1931E 03 0.1759E-03 0.1248E-00 0.9842E 00
0.2571E 03 0.1762E-03 0.1250E-CO 0.9857E 00

VARIATIONS CN PERI-APSIS DISTANCE---PARS
CLASS IN---0.0----C
BON=O-.1139E Cl RPERN(2)= 0.I100E 01 DVON= 0.5109E 00

DELRPN P Q
0.3211E 03 0.7493E 00 0.5314E C3 0.1O00E 01

6.I17OE 0'2 0.3981E-01 C.2823E C2 0.5312E-01

0.3310E 02 0.7718E-01 0.5474E C2 0.1030E-00

O.4910E 02 0.1145E-00 0.8122E C2 0.1528E-00
0.6510E 02 0.1519E-00 0.1077E C3 0.2027E-00

0'.811OE 02 .... 0.1892E-00 0.1342E C3 0.2525E-UO

0.9709E 02 0.2265E-00 0.1607E C3 0.3023E-00
0.1131E 03 0.2639E-00 0.1872E C3 0.3522E-00
0.1291E 03 0.3U1ZE-C)O 0.213bE C3 0.402CE-00
0.1451E 03 0.3386E-00 0.24Cl.E C3 0.4518E-00
0.1I1E 03 0.3759E-CO 0.2666E C3 0.5017E 00

"'O. 1171E- 03 0.4132E-00 0.2931E C3 0.5515E 00
0.1931E 03 0.45O6E-00 0,3['6E C3 0.6013E 00

0.2091E 03 0.4879E-00 0.3460E C3 0.6512E 00

0.2251E 03 0.5253E 00 0.3725E C3 0.701ICE 00

0.2411E 03 0.5626E 00 0.399OE C3 0.7508E 00

0.2571E 03 0.5999E 00 0.4255E C3 0.8007E 00

0.2131E 03... 0.6373E 00 0.4520F G3 0.8505E 00

0.2891E 03 0.6746E 00 0.485E 03 0.9003E 00

0.3051E 03' 0.7120E 00 0.5049E C3 0.9502E 00
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G.A/Phys/63-4,6

P=l FU= 0.1335E-00 FM= 0.7493E Cl NCPT= 4

N RED. FACTOR MULT.FACTOR SUM/W SUO/29.8

4 0.6044E 00 0.1655E 01 0.3309E 01 0.1110E-00

3 0.511CE OC G.1957E 01 0.3389E 01 C.1137E-00

2 0.3653E-OC 0.2737E 01 0.3e71E 01 O.1299E-00

I 0.1335E-00 0.7493E 01 0.7493E 01 C.2514E-GO

M=2 FQ= 0.5338E-01 FM= 0.1873E C2 NCPT= 6

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

6 0.6136E 00 0.1630E 01 0.3992E 01 0.1340E-00

5 0.5565E 00 0.1797E 01 O.4C18E 01 0.1348E-00

4 0.4807E-00 0.2080E 01 0.4161E 01 0.1396E-00

3 0.3765E-00 0.2656E 01 0.4600E 01 C.1544E-00

2 0.231CE-00 0.4328E 01 0.6121E 01 0.2054E-00

M=3 FQ= 0.2669E-G1 FM= 0.3747E 02 NOPT= 7

N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8

7 0.595SE OC 0.1678E 01 0.4440E 01 C.1490E-00

6 0.5467E O0 0.1829E 01 0.4481E 01 0.1504E-00

5 0.4845E-00 0.2064E 01 0.4615E 01 0.1549E-00

4 0.4042E-00 0.2474E 01 0.4948E 01 0.1660E-00

3 0.2989E-00 0.3346E 01 0.5796E 01 0.1945E-00

M=4 FQ= 0.1779E-01 FM= 0.5620E 02 NCPT= 8

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

8 0.6043E 00 C.1655E 01 0.4680E 01 O.1571E-C0

7 0.5624E 00 0.1778E 01 0.4704E 01 0.1579E-00

6 0.51ICE 00 o.1957E 01 0.4794E 01 0.1609E-00

5 0.4467E-00 0.2238E 01 0.5CO5E 01 C.1680E-O0

4 0.3652E-OC 0.2738E 01 0.5476E 01 0.1838E-00

M=5 FQ= 0.1335E-01 FM= 0.7493E 02 NOPT= 9

N RED. FACTOR MULT.FACTOR SuM/W SUM/29.8

9 0.619CE 00 0.1615E 01 0.4846E 01 0.1626E-00

8 0.583CE 00 0.1715E 01 0.4852E 01 C.1628E-O0

7 0.5397E 00 0.1853E 01 0.4902E 01 0.1645E-00

6 0.487CE-00 0.2053E 01 0.5C29E 01 0.1688E-00

5 0.4218E-00 0.2371E 01 0.5302E 01 0.1779E-00
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GA/Phys/63-5,6

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---0,0---C MARS-CLOSE
5 CORRECTION STEPS
N RANGE TIME DELTA-11ME
0 0.3211E 03 0.1003E 04 0.
I 0.1361E 03 0.4248E 03 0.5783E 03
2 0.5803E 02 0.1809E 03 0.2439E 03
3 0.2511E 02 0.7809E 02 0.1029t. 03
4 0.1123E 02 0.3468E 02 0.4341V: 02
5 0.5373E 01 0.1626E 02 0.1842E 02

I

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---O,0---C MARS-CLOSE
7 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.3211E 03 0.1003E 04 0.
I 0.1738E 03 0.5428E 03 0.4604E 03
2 0.9431E 02 0.2943E 03 0.2485L 03
3 0.5140E 02 0.1602E 03 0.1341E 03
4 0.2825E 02 0.8788E 02 0.7235E 02
5 0.1575E 02 0.4883E 02 0.3905E 02
6 0.900BE 01 0.2772E 02 0.2111F 02
7 0.5368E 01 0.1625E 02 0.1147[ 02

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---0, ---C MARS-CLOSE
9 CORRECTION STEPS
N RANGE TIME DELTA-lIME
0 0.3211E 03 0.103E 04 0.
I 0.1992E 03 0.6221E 03 0.3811E 03
2 0.1237E 03 0.3862E 03 0.2359E 03'
3 0.7700E 02 0.2402E.03 0.1460E 03
4 0.480BE 02 0.149BE 03 0.9036[ 02
.5 0.3016E 02 0.9392E 02 0.5593f 02

6 0.1910E 02 0.5930E 02 0.3462[ 02
7 0.1224E 02 0.3785E 02 0.2145E 02
8 0.7997E 01 0.2455E 02 0.1331F 02
9 0.5369E 01 0.1625E 02 .8291E 01

lag



G/PhYs/63-6,6

COMPARISON CF LONGITUDINAL AND TRANSVERSE VELOCITY ERRORS
CLASS BI--1/2.1--H VENUS, RETLRN
EON= 0.3020E C2 AON= 0.1068E 02 ECCC= 0.3000E 01
TRANSVERSE ERROR

.RN DELRPN P Q
0.2347E 03 0.3832E 01 0.2718E G4 0.1000E 01
0.6402E 02 0.9552E 00 0.6774E G3 0.2493E-00
0.1067E 03 O.1689E U1 0.1I19E 04 0.4407E-00
O.1494E 03 U.2407E 01 0.17C7E 04 0.6281E 00
0.1920E 03 0.3120E 01 0.2213E C4 0.8142E 00
LONGITUDINAL ERROR

RN )ELRPN P Q
0.2347E 03 0.2108E-00 0.1495E C3 0.IO00E 01
0.6402E 02 0.1395E-00 0.9894E 02 0.6617E 00
O.1067E 03 0.1767E-00 0.1253E C3 0.8381E 00
0.1494E 03 0.1941E-00 0.1377E C3 0.9207E 00
0.1920E 03 0.2042E-00 0.1448E C3 0.9686E 00

VARIATIONS CN PERI-APSIS DISTANCE--VENUSRETURN
CLASS BI--1/2.1--b
BON= 0.3020E 02 RPERN(1)= 0.2135E 02 DVON= 0.5748E-i"1

..- RN DELRPN P Q
0.2347E 03 0.3832E 01 0.2718E 04 0.100E 01
0.3202E 02 0.3557E-00 0.2523E C3 0.9283E-01
0.4269E 02 0.5683E 00 C.4031E 03 0.1483E-00
0.5335E 02 0.7652E 00 0.5427E C3 o.1997E-00
0.6402E 02 0.9552E 00 0.6774E G3 0.2493E-00
0-7469E 02 0.II4IE 01 0.8095E G3 0.2979E-00
0.8535E 02 0.1325E 01 0.9399E C3 0.3458E-00
0.9602E 02 0.1507E 01 0.IC69E C4 0.3934E-00
0.1067E 03 0.1689E 01 0.1198E 0 0.4407E-00
0.1174E 03 0.1869E 01 0.1325E 04 0.4877E-00
0.1280E 03 0.2049E 01 0.1453E C4 0.5346E 00
0.1387E'03- 0.2228E 01 0.15eOE C4 0.5814E 00
0.1494E 03 0.2407E 01 0.1TC7E C4 0.6281E 00
0.1600E 03 0.2585E 01 0.1833E C4 0o6747E 00
0.1707E 03 0.2764E 01 0.1960E C4 0.7212E 00
0.1814E 03 0.2942E 01 C.ZOE6E C4 0.7678E 00
0.1920E 03 0.3120E 01 0.2213E C4 0.8142E 00
0.2027E 03" 0.3298E 01 0.2339E C4 0.8607E 00
0.2134E 03 0.3476E 01 0.2465E C4 0.9071E 00
0.2240E 03 0.3654E 01 0.2591E C4 0.9536E 00

lo9



GA/Phys/63-5,6

M=4 FQ= 0.7082E 00 FM= 0.1412E CI NOPT= I
N RED. FACTOR PULT.FACTOR SLM/W SUP/29.8
I O.7082E 00 0.1412E 01 0.1412E 01 0.4738E-01

M=5 FQ= 0.5311E 00 FM= 0.1883E Cl NCPT= I
N RED. FACTOR MULI.FACTOR SUM/W SUM/29.8
I 0.5311E 00 C.1883E 01 O.lE83E 01 C.6318E-C1

TIME FROM PERT-APSIS IN MINUTES

CLASS BI--1/2,1--H VENUS-OPT-RETURN
I CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.9389E 04 0.
1 0.1347E 03 0.5188E 04 0.4201E 04
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GAfPhys/63-6,6

COMPARISON CF LONGIfUDINAL AND TRANSVERSE VELOCITY ERRORS
CLASS B[--1/2.1--H VENUS, RETLRN
BON= 0.451LE 01 AGN= O.1068E 02 ECCC= 0.1098E 01
TRANSVERSE EkiKOR

RN DELRPN P
0.2347E 03 0.2186E 01 0.1551E C4 0.1000E 01
0.4178E 02 0.3650E-00 0.2509E L3 0.1669E-00
0.9451E 02 0.7667E OU 0.5437E 03 0.3507E-00
0.1412E 03 0.1206E 01 C.8557E C3 0.5518E 00
C.lbHOE 03 0.1681E 01 0o1192E 04 0.7688E 00
LONGITUDINAL ERROR

RN DELRPN P Q
0.2347E 03 0.3173E-01 0.2250E C2 0.1000E 01
0.477HE 02 0.2103E-01 0.1911E 02 0.8519E 00
0.9451E 02 0.2972E-01 0.2118E G2 0.9365E 00
C.1412E 03 0.3079E-01 0.2184E C2 0.9703E 00
0.l880E 03 0.3137E-01 0.2225E L2 0.9886E 0

VARIATIONS CN PERI-APSIS OISTANCE--VENUSRETURN
CLASS BI--1/2.1--H
BON= 0.4851E Cl RPERN(2) = 0.1O5CE 01 DVON= C.1163E-00

RN DELRPN P Q
0.2347E 03 0.2186t 01 0.1551E C4 0.1000E 01
0.1273E 02 O.9G45E-01 0.6415E C2 0.4137E-01
0.2441E 02 0.1794E-00 0.1273E C3 0.8207E-01
0.3610E 02 0.2709E-00 0.1921E C3 0.1239E-00
0.4778E 02 0.3650E-00 0.2589E C3 0.1669E-00
0.5946E 02 0.4616E-00 0.3274E C3 0.2112E-00
0.7114E 02 0.5608E CO 0.3978E C3 0.2565E-00
0.8283E 02 0.6625E 00 0.4699E C3 0.303GE-00
0.9451E 02 0.7667E 00 0.5437E C3 0.3507E-00
0.1062E 03 0.8732E 00 0.61S3E C3 0.3994E-00
0.1179E 03 0.9820E 00 0.6965E C3 0.4492E-00
0.1296E 03 0.1C93E 01 0.7753E C3 0.500E 00
0.1412E 03 0.1206E 01 0.8557E C3 0.551BE 00
0.152qE 03 0.1322E 01 0.9376E C3 0.6047E 00
0.1646E 03 0.1440E 01 0.1021E C4 0.6585E 00
0.1763E 03 0.1559E 01 0.IIC6E C4 0.7132E OU
0.1880E 03 0.1681E OL 0.I12E C4 0.7688 00
0.19q6E 03 0.1804E 01 0.1280E C4 0.8253E 00
0.2113E 03 0.1930E 01 0.139E C4 0.8827E 00
0.2230E 03 0.2057E 01 0.1459E C4 0.9410E 00
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GA/Phys/63-5,6

V-1 FQ= 0.22l8E-01 FM= 0.4352E C2 NOPT= 8

N RED. FACTOR MUL[.FACTOR SLM/W SUM/29.8

8 0.624CE OC 0.1603f 01 0.4533E 01 0.1521E-CO

7 0.5233E OC 0.1714E 01 0.4536E 01 G.1522E-C0

6 0.53321 00 0.1875E 01 0.4594E 01 0.1542E-00

5 0.4702C-00 0.2127E 01 0.4756E 01 0.1596E-00

4 0.3893E-00 0.2568E 01 0.5131E 01 0.1724E-CO

V=2 F= 0.9191E-02 FM= 0.1088E C3 NOPT: 9

N RED. FACTOR MULT.FACTOR SUM/W SUP/29.8

9 0.593SE Ge 0.1684E 01 0.5C51E 01 C.1695E-CO

8 0.5564E 00 0.1797E 01 0.5C83E 01 C.1706E-O0

7 0.5117E 00 0.1954E 01 0.5170E 01 0.1735t-00

6 0.4577E-O 0.2185E 01 0.5352E 01 0.1796E-C,:

5 0.3914E-00 0.2555E 01 0.5712E 01 c.1917E-00

M=3 FQ= 0.4596E-02 FM= C.2176E C3 NCPT=l

N RED. FACTOR MULT.FACTOR SUM/W SUP/29.8

11 0.613CE O 0.1631E 01 0.5410E 01 0.1815E-CO

IC 0.5838E OC 0.1713E 01 0.5417E 01 0.1818F-00

9 0.5499E OC 0.1819E 01 0.5456E 01 C.1831E-00

8 0.5103E 00 0.1960E 01 0.5543E 01 0.1860E0O0

7 0.4635E-00 0.2158E 01 0.5708E 01 C.1916E-O.

M=4 FQ= 0.3064E-02 FM= 0.3264E 03 NCPT=12

N RED. FACTOR MULT.FACTOR SLM/W SUP/29.8

12 0.6113E 00 0.1620E 01 0.5611E 01 0.1883E-00

11 0.590SE O0 0.1692E 01 0.5613E 01 0.1884E-00

10 0.5606E 00 0.1784E 01 0.5641E 0l 0.1893E-00

9 0.5256E OC 0.1902E 01 0.5707E 01 C.1915E-00

8 0.485CE-00 0.2062E 01 0.5831E 01 0.1957E-00

M=5 FQ= 0.2298E-02 FM= 0.4352E 03 NOPT=12

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

12 0.6027E OC 0.1659E 01 6.5748E 01 0.1929L-00

11 0.5756E 00 0.1737E 01 0.5762E 01 C.193'L-00

10 0.5447E 00 0.1836E 01 0.5806E 01 C.1948E-00

9 0.5091E 00 0.1964E 01 0.5893E 01 C.1977E-00

8 0.467SE-00 0.2137E 01 0.6C45E 01 0.2028E-00
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G-A/PhYs/63-6, 6

TIME FROM PERI-APSIS IN MINUrES

CLASS BI--1/2,1--H VENUS-CLOSE-RETURN

8 CORRECTION STEPS

N' RANGE TIME DELTA-IME
0 0.2347E 03 0.8997E 04 0.
i 0.1104E 03 0.3866E 04 0.5131k 04
2 0.5220E 02 0.1602E 04 0.2264E 04
3 0.2498E 02 0.6445E 03 0.9572E 03
4 O.1225E 02 0.2594E 03 0.3850L 03
5 0.6290E 01 0.1100E 03 0.1494L 03
6 0.3502E CI 0.5172E 02 0.58301 02

7 0.2197E (1 0.2750E 02 0.2422F 02
8 0.1587E 01 0.1625E 02 0.1125E 02

TIME FROM PERI-APSIS IN MINUTES

CLASS BI--1/2,1--H VENUS-CLOSE-RETURN
10 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.8997E 04 0.
1 0.1283E 03 0.4590E 04 0.4406E 04
2 0.7037E 02 0.2289E 04 0.2302E 04
3 0.3881E 02 0.1116E 04 0.1173E 04
4 0.2162E 02 0.5367E 03 0.5792E 03
5 0.1225E 02 0.2596E 03 0.2771E 03
6 0.7153E 01 0.1298E 03 0.1298f 03
7 0.4374E 01 0.6897E 02 C.bO81E 02
8 0.2861E 01 0.3962E 02 0.2936E 02
9 0.2036E 01 0.2459E 02 0.1503E 02

10 0.1587E 01 0.1626E 02 0.8326E 01

TIME FROM PERI-APSIS IN MINUTES

CLASS BI--I/,1--H VENUS-CLOSE-RETURN
12 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.8997E 04 0.
1 0.1419E 03 0.5143[ 04 0.3854E 04
2 0.8592E 02 0.2894E 04 0.2249L 04
3 0.5220E 02 0.1602E 04 0.1292E 04
4 0.3188E 02 0.8746E 03 0.7270E 03
5 0.1963C 02 0.4748E 03 0.3999L 03
6 0.1225E 02 0.2594E 03 0.2153F 03
7 0.7800E 01 0.1451E 03 0.1144L 03
8 0.5118E 01 0.8442E 02 0.6067F 02
9 0.3502E 01 0.5172E 02 0.3270L 02

10 0.2528E 01 0.3350E 02 0.1822E 02

11 0.1941E 01 0.2285E 02 0.1065E 02
12 0.1587E 01 0.1625E 02 0.6595L 01
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GA/PhYa/63-6,6

COMPARISON CF LON(;ITUDINAL ANO TRANSVERSE VELOCIrY ERRORS
CLASS EX---C.U---A VENUS, RETLRN
BON= 0.5564C Cl AON= O.1967E 01 ECCC= 0.3000E 01
IRANSVERSE ERROR

RN DELRPN P Q
0.2347E 03 0.1669E 01 0.i84E C4 O.1000E 01
O,5009E 02 0.35O7E-00 0.24H8E C3 0.2101E-00
0.9624E 02 0.6788E CO C.4814E C3 0.4066E-00
0.1424E 03 O.1CO8E 01 0.7148E C3 0.6037E 00
0.1885E 03 0.1338E 01 0.9490E C3 0.8015E O0
LCNGITUOINAL ERROR

RN DELRPN P Q
0.2347E 03 0.1889E-01 0.1340E C2 O.IO00E 01
0.5O09E 02 0.1719E-01 0.1219E C2 0.9097E O7
0.9624E 02 0.1821E-01 0.1292E C2 0.9640E 00
0.1424E 03 0.1858E-01 0.1318E G2 0.9837E 00
0.1885E 03 0.1878E-01 0.1332E C2 0.9938E 00

VARIATIONS CN PERI-APSIS OISTANCE--VENUSRETURN
CLASS EX---C.O---A
BN= 0.5564E Cl RPERN(I)= 0.3934E Cl DVON= 0.1339E-00

RN DELRPN p Q
0.2347E 03 0.1669E 01 0.1184E C4 0.IOOCE 01
0.1547E 02 0.1029E-00 0.7298E C2 0.6164E-01
0.2701E 02 0.1864F-00 0.1322E C3 0.1116E-00
0.3855E 02 0.2687E-00 U.19C6E C3 O.1609E-00
0.5009E 02 0.3507E-00 0.2438E C3 0.2101E-O0
0.6162E 02 0.4327E-00 0.3069E C3 0.2592E-00
0.7316E 02 0.5147E 00 0.3650E 03 0.3083E-00
0.8470E 02 0.5967E 00 0.4232E 03 0.3574E-00
0.9624E 02 0.6788E 00 0.4814E C3 0.4066E-00
0.1078E 03 0.7609E O0 0.5397E C3 0.4558E-00
0.1193E 03 0.8431E 00 0.5980E 03 0.505CE 00
0.1309E 0 0.9254E 00 0.6563E C3 0.5543E O0
0.1424E 03 O.1008E 01 0.7148E C3 0.6037E 00
0.1539E 03 0.1090E 01 0.7732E C3 0.6531E 00
0.1655E 03 0.11.73E 01 0.8318E C3 0.7025E 00
0.1770E 03 0.1255E 01 0.89C4E C3 0.7520E 00
0.1885E 03 0.1338E 01 0.9490E C3 0.8015E 00
0.2001E 03 0.1421E 01 0.10C8E C4 0.8511E 00
0.2116E 03 0.1504E 01 0.1066E C4 0.9007E 00
0.2232E 03 0.1587E O 0.1125E C4 0.9503E 00
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GA/Phys/63-5,6

0=2 FQ= 0.7C30E O0 FMz 0.1422E Cl NOPT= I
N RED. FACTOR MULT.FACrOR SUM/W SUM/29.8
1 0.703CE O0 0.1422E 01 0.1422E 01 0.4773E-C

0=3 FC= 0.3515E-00 FM= 0.2845E 01 NCPT= 2
N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8
2 0.5q29E 00 0.1697E 01 0.2385E 01 0.BOO4E-01
1 0.3515E-00 0.2845E 01 0.2845E 01 0.9546E-01

M=4 FQ= 0.2343E-00 FM= 0.4267E Ci NCPT= 3
N RED. FACIOR MULr.FACTOR SLM/W SUM/29.8
3 0.6165E 00 0.1622E 01 0.2809E 01 0.9427E-01
2 0.4841E-00 0.2066E 01 G.2921E 01 0.9803E-01
I 0.2343E-00 0.4267E 01 O.4267E 01 C.1432E-CO

M=5 FW= 0.1758E-00 FM= C.5690E Cl NCPT= 3
N RED. FACfOR MULT.FACTOR SLM/W SUM/29.8
3 0.5601E 00 0.1185E 01 0.3092E 01 0.1038E-00
2 0.4192E-OC 0.2385E 01 0.3373E 01 0.1132E-00
I 0.L758E-OC 0.5690E 01 0.5690E 01 0.1909E-00

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---O,0---A VENUS-OPT-RETURN
1 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.4289E 04 0.
I 0.4450E 02 0.7653E 03 0.3524E 04

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---O,O---A VENUS-OPT-RETURN
2 CORRECTION STEPS
N RANGE TIME nELTA-TIME
0 0.2347E 03 0.4289E 04 0.
1 O.1007E 03 O.1796E 04 0.2492E 04
2 0.4449E 02 0.7650E 03 0.1031i 04

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---0,o---A VENUS-OPT-RETURN
3 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.4289E 04 0.
I 0.1332E 03 0.2399E 04 0.1890L 04
2 0.7633E 02 0.1348E 04 0.1051E 04
3 0.4448E 02 O.7649E 03 C.5826U 03
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"A/Phys/63-6,6

CCMPARISON CF LONGITUDINAL AND TRANSVERSE VELOCITY ERRORS
CLASS EX----O.0---A VENUS, RETLRN
BCN= 0.2288[ Cl AON= 0.1967E 01 ECCC= 0.1534E 01
TRANSVERSE ERROR

'RN DELRPN P 0
0.2347E 03 0.1472E 01 0.1044E 04 0.1O00E 01
0.4778E 02 0.2776E-UO 0.1969E C3 0.1886E-O0
0.9451E 02 0.5629E 00 0.3993E C3 0.3824E-00
0.1412E 03 0.8584E O0 0.608BE C3 0.5832E 00
0.1880E 03 0.1162E 01 0.8241E 03 0.7894E 00
LCNGITUDINAL ERROR

RN DELRPN P C
0.2347E 03 0.LCO3E-01 0.7117E Cl 0.1000E 01
0.4778E 02 0.9553E-02 0.6775E Cl 0.9520E 00
0.9451E 02 0.9847E-02 0.6q84E 01 0.9813E O0
0.1412E 03 0.995fE-02 0.7057E U1 0.9916E 00
0.1880E 03 O.ICOOE-01 C.7094E Cl O.9968E 00

VARIATIONS CN PERI-APSIS DISTANCE--VENUSRETURN
CLASS EX---0.0---A
BN= 0.2288E 01 RPERN(2)= O.1050E 01 DVON= 0.1534E-00

RN DELRPN P Q
0.2347E 03 0.1472E 01 0.1044E C4 0.O000E 01
0.1273E 02 0.7159E-01 0.5077E C2 0.4863E-01
0.2441E 02 0.1395E-00 0.9895E C2 0.9479E-01
0.3610E 02 0.2082E-00 0.1476E 03 0,1414E-00
0.4778E 02 0.2776E-00 0.1969E C3 0.1886E-00

5946E"02 "" 0.3479E-00 C.2467E C3 0.2363E-00
0.7114E 02 0.4189E-00 0.2971E C3 0.2846E-00
O.8283E 02 0.4906E-00 0.3479E C3 0.3333E-00
0.9451E 02 0.5629E 00 0.3993E 03 0.3824E-00
0.1062E 03 0.6360E CO 0.4510E C3 0.4320E-00
0.117qE 03 0.7096E 00 0.5032E C3 0.4820E-00
0.1296E*03... 0.7837E 00 0.5558E 03 0.5324E 00
0.1412E 03 0.8584E 00 0.60e8E 03 0.5832E 00
0.1529E 03 0.9336E 00 O.6622E C3 0.6343E 00
0.1646E 03 0.1009E 01 0.7158E C3 0.6857E 00
0.1763E 03 0.1685E 01 0.769BE 03 0.7374E 00
0.1880E 03 0.1162E 01 0.8241E C3 0.7894E 00
O.1996E 03 0.1239E 01 0.8787E C3 0.8417E 00
0.2113E 03 0.1316E 01 0.9335E 03 0.8942E 00
0.2230E 03 0.1394E 01 0.9886E 03 0.9470E 00
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GA/Phys/63-5,6

M=l FQ= 0.3413E-01 FM= 0.2930E C2 NCPT: 7

N RED. FACrOR LIL.FACTOR SLM/W SUM/29.8

7 0.6172E O0 0.1620E 01 0.4281E 01 C.1438E-CO

6 0.5695E 00 G.1156E 01 0.4301E 01 C.1443E-00

5 U.50b'E OU U.1965E 01 0.4394E Ul 0.1475E-00

0.4298E-O C.2327E 01 0.4653E 01 0.1561E-CO

3 0.3244E-00 0.3C83E 01 0.5340E 01 0.1792E-CO

M=2 FL= 0.1365E-01 FM= 0.7325E C2 NOPT= 9

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

9 0.6206E 00 0.1611E 01 0.4e34E 01 0.1622F-00

8 0.5846E O 0.1710E 01 0.4838E 01 C.1623F-00

7 0.5415E 00 0.1847E 01 0.4886E 01 0.1640E-00

6 0.488SE-00 0.2046E 01 0.5CitE 01 0.168LE-0O

5 0.4237E-00 0.2360E 01 0.5278E 01 0.1771E-00

M=3 FQ= 0.6825E-C2 FM= 0.1465E C3 NOPT=IC

N RED. FACTOR MLILI.FACTOR SLM/W SUM/29.8

10 0.6073E 0C 0.1647E 01 0.5207E 01 0.1747E-")

9 0.5746E CC 0.174OE 01 0.5221E 01 C.1752[O-0

8 0.5361E C0 0.1865E 01 0.5276E 01 C.1770E-00

7 0.4904E-00 0.2039E 01 0.5395E 01 0.18IOE-,.r

6 0.4355E-00 0.2296E 01 0.5624E 01 0.1887E-0t;

P=4 FQ= 0.4550E-02 FM= 0.2198E C3 NCPT=1

N RED. FACTOR MULI.FACTOR SUM/W SUM/29.8

11 0.6125E 00 0.1633E 01 0.5415E 01 0.1817E-00

iC 0.5832E OC 0.1715E 01 0.5422E 01 0.182OE-00

q 0.5493E OC 0.1821E 01 0.5462E 01 C.1833E-0O

8 0.5096E 00 0.1962E 01 0.5550E 01 0.1862E-00

7 0.462eE-00 C.2161E 01 0.5716E 01 C.1918E-00

P=5 FO= 0.3413L-02 FM= 0.2930E C3 NOPT=ll

N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8

11 0.5967E 00 0.)676E 01 0.5559E 01 C.18(,5E-00

10 0.5666EF 00 .1765E 01 0.5581E 01 0.1873E-00

9 0.532CE OU 0.1880E 01 0.5639E 01 0.1892E-00

8 C.4916E-CC C.2034E 01 0.5753E 01 C.1931E-00

7 0.4442E-00 0.2251E 01 0.5956E 01 0.1999E-00
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GA/PhYa/63-5,6

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---O, O---A VELNUS-CLOSE-RETUKN

7 CORRECTION STEPS
N RANGE TIME DELTA-TIME

0 0.2347E 03 0.4265E 04 0.

I 0.1048E 03 0.1851F 0"t 0.2414: 04

2 0.4715E 02 0.7935E 03 C.1057L 04

3 0.2153E 02 0.3369E 03 0.4566E 03

4 0.1015E 02 0.1442E 03 0.1927E 03

5 0.5091E 01 0.6476E 02 0.7946E 02

6 0.2845F 01 0.3193E 02 0.3283k 02

7 0.1847E 01 0.1756E 02 0.1437f 02

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---O, O---A VENUS-CLOSE-RETURN
9 CORRECTION STEPS
N RANGE TIME 0DLTA-1 [ME
0 0.2347E 0 0.4265E 04 0.
1 0.1254E 03 0.2231L 04 0.2035E 04

2 0.6718E 02 0.115SE 04 0.1072E 04
3 0.3623E 02 0.5969E 03 0.5613E 03
4 0.1977E 02 0.3064E 03 0.2905E 03
5 0.1101E 02 0.1583E 03 0.1481E 03
6 0.6347E 01 O.d388E 02 0.7440E 02
7 0.3868E 01 0.4667E 02 0.3721E 02
8 0.2549E 01 0.2771E 02 0.1896E 02
9 0.1848E 01 0.1757E 02 0.1015E 02

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---O, O---A VENUS-CLOSE-RETURN
It CORRECT ION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E C3 0.4265E 04 0.
I 0.1405E 03 0.2511E 04 0.1754E 04

2 0.8424E 02 0.1471E 04 0.1040E 04
3 0.5069E OZ 0.8576E 03 0.61361 03

4 0.3067E 02 0.4977E 03 0.3599E 03
5 0.1872E 02 0.2884E 03 0.2093L 03
6 0.1160E 02 0.16801 03 0.1204L 03
7 0.7343E 01 0.9937E 02 0.6861f 02
8 0.4805E 01 0.6048E 02 0.3888E 02

9 0.3291E 01 0.3832E 02 0.2217E 02
10 0.2387E I 0.2539E 02 0.1292F 02
11 0.1848E 01 0.L757E 02 0.7826F 01
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G/PhYs/63-5,6

COMPARISON CF LONGIIiJDINikL ANI) IRANSVERSE VELOCITY ERRORS
CLASS EX--- 6.G---C VLNUS, RETLRN
EON= 0.4674U ,I AON= O.1652[ 01 ECCC= 0.3000E 01
TRANSVERSE ERROR

'RN DELRPN P Q
0.2347E 03 0.1532C 01 0.1O,6E C4 0.1000E 01
0.4958E 02 0.3188E-00 0.22LlE C3 0.2082E-00
0.9586E 02 0.6203E 00 0.43S9F 03 0.4050E-00
0.1421E 03 0.922qE 00 6.6545E C3 0.6025E 00
O.H884E 03 0.1227E 01 0.87COE C3 0.8009E 00
LONGITUDINAL ERROR

RN OELRPN P Q
0.2347E 03 0.1461E-01 0.1037E C2 0.LOOOE 01
0.4958E 02 0.1349E-01 0.9566E Cl 0.9229E
0.9586E 02 0.1417E-01 0.10C5 C2 0.9695E 00
0.1421E 03 O.1441E-0l 0.1022E C2 0.9862E 00
0.1884E 03 0.1454E-01 0.1031E 02 0.9948E 00

VARIATIONS ON PERI-APSIS DISTANCE--VENUStRETURN
CLASS EX---C.G---C
BCN= 0.4674E Cl RPERN(I)= 0.3305E 01 DVON= 0.146iF

- RN DELRPN P 0
0.2347E 03 0.1532E 01 0.1086E C4 0.1000E 01
0.1487E 02 0.9181E-01 0.6511E C2 0.5994E-01
0:2644E 02 0.1681E-00 0.1192E 03 0.1097E-00
0.3801E 02 0.2435E-00 0.1727E C3 0.159CE-00
0.4958E 02 0.3188E-00 G.2261E C3 0.2082L-00

*'U115E 0 2 0.3941E-00 0.2795E C3 0.2573E-00
0.7272E 02 0.4694E-00 0.3329E C3 0.3065E-00
0,842§E 02 0.5448E 00 0.3864E C3 0.3557E-00
0.9586E 02 0.6203E 00 0.4399E C3 0.4050E-00
0- .10C.. 0.6958E 00 0.4935E C3 0.4543E-00
0.1190E 03 0.7714E 00 6.5471E C3 0.5036E 00
-.[306E'D3 .... 0.8471E 00 0.60C8E C3 0.5531E 00
0.1421E 03 0.9229E 00 C.6545E C3 0.6025L 00
0.1537E 03 0.9988E 00 0.7083E C3 0.6520E 00
0.1653E 03 0.1075E 01 G.7622E C3 0.7016E On
0.1768E 03 0.1151E 0l 0.8161E C3 0.7512E 00
0.1884L 03 0.1227L 01 C.87COE C3 0.8009E 00
0.2000''0 0.1303E 01 0.9240E C3 0.8506E 00
0.2116E 03 0.1379E 01 0.9781E C3 0.9004E 00
0.2231E 03 0.1455E 01 0.1032E C4 0.9502E 00

/
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GA/Phys/63-5,6

M=2 FQ= 0.6019E 00 FM= 0.1661E CI NCPT= I
N RED. FACTOR MUL .FACTOR SLM/W SUV/29.8
I 0.601-E 00 0.1661E 01 0.1661E 01 C.5575E-0O

M:n3 FW= 0.301O-00 FM= C.3323L Cl NCPT= 2
N RED. FACTOR MULT.FACTOR SLM/W SUP/29.8
2 0.548E O C.1823E 01 0.2578E 01 O.8651E-0l
I 0.301CE-00 0.3323E 01 0.3323E 01 0.1I11E-C0

M=4 FQ= 0.20C6E-00 FM= 0.4984E Cl NCPT= 3
N RED. FACTOR MULT.FACTOR SUMI4 SU/29.8
3 0.5854E 00 U.1708E 01 0.2959E 01 0.4928E-01
2 0.4479E-OC (.2233E 01 0.3157E 01 0.I059F-O
1 0.2006E-OC 0.4984E 01 0.4S84E 01 C.1673E--.

M=5 F(= 0.1505E-00 FM= 0.6646E Cl NOPT= 4
N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8
4 0.6228E 00 0.1606E 01 0.3211E 01 0.1078E-00
3 0.5319E O (.1880E 01 0.3256E 01 0.1093. '-GO
2 0.3879E-00 0.2578E 01 0.3646E 01 0.1223E-00
I 0.1505E-00 0.6646E 01 0.6646E 01 0.2230E-00

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---OO---C VENUS-OPT-RETURN
1 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.3944E 04 0.
1.__0.3813E 02 0.6016E 03 0.3343E 04

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---0,0---C VENUS-OPT-RETURN
"3 ...CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.3944E 04 0.
1 0.1264E 03 0.2094E 04 O.1851E 04
2 0.6877E 02 0.1116E 04 0.9776E 03
3 0.3813E 02 0.60E 03 0.5143 03

TIME FROM PERI-APSIS IN MINUTES

CLASS EX--,0-7-- ... VENUS-OPT-RETURN
4 CORRECTION STEPS
N RANGE TIME DELTA-rIME
0 0.2347E 03 0.3944E 04 0.
1 0.1474E 03 0.2452E 04 0.1492k 04
2 0.9306E U2 0.1527E 04 0.9251E 03
3 0.5920E 02 0.9546E 03 0.5723E 03
4 0.3812E 02 0.6014E 03 0).3532C 03
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GA/Phys/63-5,6

CCMPARISON CF LCNGITUDINAL AND TRANSVERSE VELOCITY ERRORS
CLASS EX---O.O---C VENUS, RETURN
BCN= 0.2139E Cl AON= 0.1652E 01 ELCC= 0.1636E 01
TRANSVERSE ERRUR

RN DELRPN P
0.2347E 03 (.1386E 01 0.9832E C3 0.1O00E 01
0.4178E 02 U.2645E-UO 0.1876E 63 0.1908E-00
0.9451E 02 0.5343E 00 0.3790E C3 0.3854E-00
0.1412E 03 0.8124E 00 0.5762E C3 0.5860E 00
0.1880E 03 O.IC97E 01 0.77'19E 03 0.7912E 00
LCNGITUDINAL ERROR

RN DELRPN P Q
0.2347E C3 0.8633E-02 G.6123E Cl 0.IOCE 01
0.4776E 02 ' 0.8259E-02 0.5851E Cl 0.9566E 00
0.9451E 02 0.8488E-02 0.6020E 01 0.9832E O0
0.1412E 03 0.8568E-02 0.6077E Cl 0.9925E 00
0.1880E 03 0.8609E-C2 0.61C6E Cl 0.9972E 00

VARIATIONS CN PERI-APSIS DISTANCE--VENUSRETURN
CLASS EX---0.O---C
BUN= 0.2139E Cl RPERN(2)= 0.105CE 01 OVON= 0.1616E-00

RN DELRPN P Q
0.2347E 03 0.1386E 0I 0.9832E C3 0.IO00E 01
0.1273E 02 0.6847E-01 0.4856E C2 0.4939E-01
0.241E 02 0.1332E-00 0.9448E C2 0.9609E-01'
0.3610E 02 0.198SE-00 C.14C8E C3 0.1432E-00
0.4778E 02 0,2645E-00 0.1876E C3 0.1908E-00
O.5946E 02 0.3311E-00 0.2348E 'C3 0.2388E-00
0.7114E 02 0.3983E-00 0.2824E C3 0.2873E-00
0.8283E 02 0.4660E-00 C.33C5E C3 0.3362E-00
0.9451E 02 0.5343E 00 0.3790E C3 0.3854E-00
0. 1062E 03 0.6G32E 00 0.4218E C3 0.4351E-00
6.1179E 03 0.6725E 00 0.4769E C3 0.4851F-00
0.1296E 03 0.7422E 00 C.5264E C3 0.5354E 00
0.1412E 03 0.8124E 00 0.5762E C3 0.5860E 00
0.1529E 03 0.8829E 00 0.6262E C3 0.6369E 00
0.1646E 03 0.9539E 00 0.6765E C3 0.6881E 00
0.1763E 03 O.IG25E 01 C.7271E C3 0.7395E 00
0.1880E 03 0.10971E 01 0.7779E C3 0.7912E 00
0.1996E'03 0.1169E 01 0.82e9E C3 0.8431E 00
0.2113E 03 0.1241E 01 C.88C2E C3 0.8952E 00
0.2230E 03 0.1314E 01 0.9316E C3 C.9475E 00



GA/Phys/63-5,6

M=l FQ= 0.3624E-01 FM= 0.2760E C2 NCPT= 7
N REC. FACTOR MULT.FACTOR SUM/W SUM/2q.8
7 0.6225E 00 0.1606E 01 0.425CE 01 C.1426E-00
6 0.5752E OC 0.1738E 01 0.4258E 01 C.1429E-00

0.515CE 00 0.1942E 01 0.4342E 01 0.1457E-CO
4 0.4363E-00 0.2292E 01 0.45.84E 01 0.1538E-00
3 0.330qE-OC U.3022E 01 0.5234E 0l 0.1756E-00

M=2 FQ= 0.1449E-01 FM= 0.6899E C2 NOPT= 8
N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8
8 0.589CE 00 0.1698E 01 0.4802E 01 O.1611E-00
7 0.5462E 00 0.1831E 01 0.4844E 01 0.1626E-00
6 U.493EE-o0 C.2025E 01 0.4961E 01 0.1665E-CO
5 0.42b8E-OC 0.2332E 01 0.5215E 01 0.1750E-00
4 0.347CE-00 0.2882E 01 0.5764E 01 0.1934E-00

M=3 FQ= 0.7247E-02 FM= 0.1380E C3 NOPT=10
N RED. FACTOR FULT.FACTOR SLM/W SUM/29.8
10 0.611CL O6 0.1637E 01 U.5176E 01 0.1737E-C0
9 0.5784E 00 0.1129E 01 0.5187E 01 0.1740E-00
8 0.5402E O0U C.1851E 01 0.5236E 01 0.1757E-00
7 0.4947L-00 0.2022E 01 0.5349E 01 0.1795E-00
6 0.439SE-00 0.2273E 01 0*5568E OL 0.1869E-On

M=4 FQ= 0.4631E-02 FM= 0.2070E C3 NOPT=11
N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8
11 0.615eE O0 0.1624E 01 0.5386E 01 0.1807E-00
10 0.5867E OC 0.1704E 01 O.5390E 01 0.1809E-00
9 0.552SE 00 0.1809E 01 0.526E 01 0.1821E-00
8 0.5135E 00 0.1948E OL 0.5509E OL 0.1848E-CO
7 0.46beE-O0 o,2142E 01 OS668E 01 0.1902E-00

P=5 FC= 0.3624E-02 FM= 0.2760E C3 NOPT-1l
N RED. FACTOR MULTFACTOR SLM/W SUM/29.8

11 0.5999E 00 Co1667E 01 "0.5528E 01 0.1855E-00
IC 0°5701E OC O.1754E 01 0.5547E 01 C.L862E-00
9 0.5355E 00 0.1867E 01 0.5602E 01 O.188OE-C0
8 0.4953E-OU M2M1gE 01 0o5710E 01 0.1916E-O0
7 0.448CE-OC C.2232E 01 0.5905E 01 0.1982E-00



GA/PhY/63-6,6

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---O,0 --- C VENUS-CLOSE-RETURN
7 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.3928E 04 0.
I 0.1057E 03 0.1726E 04 0.2202E 04
2 0.47q4E 02 0.7513E 03 0.9749E 03
3 0.2206E U2 0.3246E 03 0.4266E 03
4 0.1046E 02 0.1415E 03 0.1832E 03
5 0.5267E 01 0.6445E 02 O.77C4E 02
6 0.2939E 01 0.3202E 02 0.3243C 02
7 0.1896E 01 0.1766E 02 0.1436C 02

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---0,0---C VENUS-CLOSE-RETURN
9 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.3928E 04 0.
1 0.1262E 03 0.2074E 04 0.1854E 04
2 0.6805E 02 0.1089E 04 0.9852E 03
3 0.3693E 02 0.5681E 03 0.5205E 03
4 0.2026E 02 0.2957E 03 0.2724E 03
5 0.1134E 02 0.1549E 03 0.1408E 03
6 0.6560E 01 0.8310E 02 0.7183E 02
7 0.4000E 01 0.4662E 02 0.3648E 02
8 0.2630E 01 0.2780E 02 0.1882E 02
9 O..1896E 01 0.1766E 02 0.1015E 02

TIME FROM PERI-APSIS IN MINUTES.

...C.LASS. EX---O0O---C VE kU-CLOSE-RETUkN
L1 CORRECTION STEPS
.N RANGE TIME DELTA-TIME
0 0.2347E 03 0.3928E 04 0.
1 0.14L2E 03 0.2330E 04 0.1598k 04
2 0.8514E 02 0.1377E 04 0.9530E 03

4390 _ . .. 106E 0j3 0.5665E 03
0.3131E 02 0.4755E 03 0.3351E 03

5 0.1920E 02 0.2787E 03 0.1968E 03
6 0.1194E 02 0o1642E 03 0.1145E 03
7 0.7583E 01 0.9814E 02 0.6606E 02
8 0.4969E 01 0.6022E 02 0.3792E 02
9 . .3401E 01 0.3835E 02 0.2187E 02

10 0.26460E O 0o2549E 02 0.1286E 02
11 01896E 01 0.1766E 02 0.7830E 01
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GA/PhYs/63-66

COMPARISON CF LON;[IUOINAL AND TRANSVERSE VELOCITY ERRORS
CLASS EX---(.U--- VENUS, RETLRN
BON= 0.4241E (,I AnN= O.1502E 01 ECCC= 0.300CE 01
TRANSVERSE ERROR

RN DELRPN P 0
0.2347E 03 0.1461E 01 O.lC36E G4 0.1000E 01
0.4934E 02 0.3027E-UC 0.2147E C3 0.2072E-00
0.9568E 0? O.5905E 00 0.4188E 03 0.4042E-00
0.1420E 03 0.8794E 00 0.6237E C3 0.6020E 00
0.1884E G3 O.1170E 01 0.8295E C3 0.8006E 00
LONGITUDINAL LRROR

RN DELRPN P Q
0.2347E 03 0.1269E-01 o89 8E Cl O.1O00E 01
0.4934E 02 0.1179E-01 0.8363E Cl 0.9293E 00
0.956SE 02 0.1234E-01 0.8749F CI 0.9722E 00
0.1420E 03 0.1253E-01 0.8886E Cl O.q8?5E 00
0.1884E 03 0.1263E-01 0.8956E CI 0.9953E 00

VARIATIONS CN PERI-APSIS DISTANCE--VENUS#RETURN
CLASS EX--- G.0---0
BON= 0.4247E 01 RPERN(1)= 0.3003E 01 OVON= 0.1533E-00

RN DELRPN p Q
0.2347E 03 0.1461E 01 0.1036E C4 0.100CE 01
0.1459E 02 0.8633E-01 0.6123E C2 0.5909E-O
0.2617E 02 0.1589E-00 C.1127E C3 0.1088E-00
0.3776E 02 0.2309E-00 0.1637E C3 0.158CE-00
0.4934E 02 0.3027E-00 0,2147E C3 0.2072E-00
6.6o93E 02 0.374&E-00 0.2656E C3 0.2564E-00
0.7251E 02 0.4464E-00 0.3166E 03 0.3056E-00
0.8409E 02 0.5184E 0O 0.3677E C3 0.3548E-00
0.9568E 02 0.5905E 00 0.4188E C3 0.4042E-00
O.1073E 03 0.6626E 00 0.4699E C3 0.4535E-00
0.1188E 03 0.7348E 00 0.5211E 03 0.5030E 00
0.1304E 03 0.8C71E 00 0.5724E C3 0.5524E 00
0.1420E 03 0.8794E 00 0.6237E C3 0.6020E O0
0.1536E 03 0.9519E 00 0.6751E C3 0.6516E 00
0.1652E 03 0.1024E 01 0.7265E C3 0.7012E 00
0.1768E 03 0.1097E 01 0.7780E C3 0.7509E 00
0.1884E 03 0.1170E 01 0.8295E C3 0.8006E 00
0.1999E 0 ....... 0.1242E 01 0.8811E 03 0.8504E 00
0.2115E 03 O.1315E OL 0.9327E C3 0.9002E 00
0.2231E 03 0.1388E 01 0.9844E C3 0.9501E 00



QA/Phyn/63-5,6

M=2 FQ= 0.5484E 00 FM= U.1823E Cl NCPT= 1
N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8
I 0.5484E OC 0.1823E 0l O.lE23E 01 0.6119E-01

H=3 FQ= 0.2742E-00 FM= 0.3647E CI NOPT= 3
N RED. FACTOR MULT.FACTOR SLP/W SUM/29.8
3 0.6497E 00 0.1539E 01 0.2666E 01 0.8946E-C1
2 0.5237E 00 O.1910E 01 0.2701E 01 C.9063E-01
I 0.2742E-00 0.3647E 01 0.3647E 01 0.1224E-00

M=4 FQ= 0.1828E-00 FM= 0.5470E Cl NCPT= 3
N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8
3 0.5675E bC 0.1762E 01 0.3C52E 01 0.1024E-00
2 0.4276E-00 0.2339E 01 0.3308E 01 0.11IOE-0O
1 0.1828E-00 0.5470E 01 0.547CE 01 C.1836E-00

M=5 FQ= 0.1371E-00 FM= 0.7294E Cl NCPT= 4
N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8
4 0.6085E 00 0.1643E 01 0.3287E 01 CvI103E-O0
3 0.515CE OC 0.1939E 01 0.3359E 01 0.1127E-00
2 0.3703E-OC 0.2701E 01 0.3E19E 01 C.1282E-00
I O.1371E-00 0.7294E 01 0.7294E 01 C.2448E-00

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---O,O---O VENUS-OPT-RETURN
I CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.3768E 04 0.
I 0.3477E 02 0.5232E 03 0.3244E 04

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---o,O---D VENUS-OPT-RETURN
3 CORRECTION STEPS
N RANGE TIME DELIA-TIME
0 0.2347E 03 0.3768E 04 0.
I 0.1225E 03 0.1938E 04 0.1830E 04
2 0.6460E 02 0.IOOLE 04 0.9370E 03
3 0.AT6E 02 0.5230E 03 0.4U7lO_ f

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---OO---D VENUS-OPT-RETURN
4 CORRECTION STEPS
N RANGE TIME DELTA-1IME
0 0.2347E 03 O.3768E 04 0.
1 0.1440E 03 0.2288E 04 0.1480E 04
2 0.8879E 02 0.1392E 04 0.8964E 03
3 0.5521E 02 0.8497E 03 0.5418E 03
4 0.3477E 02 0.5232E 03 0.3266( 03

2D5



OA/PbYs/63-(5,6

CCPARISON CF LCNGITUDINAL AND TRANSVERSE VELOCITY ERRORS
CLASS EX---c.O---O VENUS, RETLRN
I CN= 0.2U63E ,l AON= 0.15UE 01 ECCC= 0.1699E 01
TRANSVERSE ERiiOR

-RN DELRPN P
0.2347E 03 0.1340E 01 0.95COE C3 0. OOOE 01
0.4778E 02 0.2570E-00 U.1823E C3 0.1919E-o0
0.9451E 0? 0.5184E 00 0.3676E 03 0.3870E-00
0.1412E 03 0.1869E 00 C.5581F C3 0.5874E 0
0.1880E 03 (J.161E 01 0.7S25E C3 0.7921E 00
LONGITUDINAL ERROR

RN DELRPN P Q
0.2347E 03 0.1'24E-C2 0.5620E CI 0.100CE 01
0.417BE 02 0.1598E-02 0.5389E CI 0.9589E 00
0.9451E 02 0.7798E-62 U.5531E CI 0.9841E 00
0.1412E 03 0.7868E-02 0.5580E Cl O.9929E 00
0.1880E 03 0.7903E-02 C.56C5E Cl 0.9973E 00

VARIATIONS CN PERI-APSIS DISTANCE--VENUSRETURN
CLASS EX---C.C ---C
OCN= 0.2063E 01 RPERN(2)- 0.105CE 01 DVON= C.1666E-CO

RN DELRPN P C
0.2347E 03 0.134CE 01 0.95COE C3 0.LO00E 01
0.1273E 02 0.6669E-01 0.4730E C2 0.47gE-01
0.2441E 02 0.1296E-00 0.9193E C2 0.9676E-01
0.3610E 02 0.1930E-00 0.1369E C3 0.1441E-00
0.4778E 02 0.2b70E-00 C.1823E C3 0.1919E-00
0.5946E 02 0.3216E-00 0.22elE C3 0.2401E-00
0.7114E 02 0.3867E-00 0.2742E C3 0.2887E-00
0.8283E 02 0.4523E-00 0.3208E C3 0.3376E-00
0.9451E 02 0.5184E 00 0.3676E C3 0.3870E-00
0o1C62E 03 0.5849E 00 C.4148E C3 0.4366E-00
0.1179E 03 0.6518E 00 0.4623E 03 0.4866E-00
0.1296E 03 0.7192E 00 0.51COE C3 0.5369E 00
0.1412E 03 0.7869E 00 C.5581F C3 0.5874E 00
0.1529E 03 0.8549[ CC 0.6C63E C3 0.6382E 00
0.1646E 03 0o9233E 00 0.6548E C3 0.6893E 00
0.1763E 03 0.9920E 00 0.7036E C3 0.7406E O0
0.1880E 03 O.IG61E 01 0.7525E 03 0.7921E 00
0.1996E 03 0.1130E 01 0.8016E C3 0.8438E 00
0.2113E 03 O.1200E 01 0.85C9E C3 0.8957E 00

0.2230E 03 0.1U70E 01 0.9004E 03 0.9477E 00

2D6



GA/Phys/63-5,6

M=t FQ= 0.3750E-Cl FM= 0.2667E C2 NCPT= 7
N RED. FACTOR MULI.FACTOR SUM/W SUM/29.8
7 0.6256L OC 0.1598E 01 0.4229E 01 C.1419E-00
6 0,'786C 00 0.172BE 01 0.4234E 01 0.1421E-O0
5 6.586E 00 0.1928E 01 0.4312E 01 0.1447E-00
4 0.401iE-00 0.2272E 01 0.4545E 01 0.1525E-00
3 C.3347E-OC u.2988E 01 0.5175E 01 C.1736E-CO

M=2 FQ= 0.15COL-01 FM= 0.6666E C2 NOPT= 8
N RED. FACTOR MULI.FACTOR SUM/W SUM/29.8
8 OSqlCE 00 0.1690E 01 0.4781E 01 0.1604E-00
7 0.5486E OC 0,1b22E 01 0.4821E 01 0.1618E-CO
6 0.4966E-00 0.2014E 01 0.4932' 01 0.1655E-00
5 0.4317E-60 0.2316E 01 0.5179E 01 0.1738E-CO
4 0.350CE-00 0.2857E 01 0.5715E 01 0.19182-00

M=3 F= 0.75COE-C2 FM= 0.1333E C3 NOPT=1C
N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

10 0.6131E 00 0.1631E 01 0.5158E 01 0.1731E-00
9 0.5806E OC 0.1722E 01 0.5167E 01 C.17340--00
8 0.5425E 00 0.1843E 01 0.5214E 01. 0.1750E-00
7 0.4971E-00 0.2012E 01 0.5322E 01 C.1786E-GO
6 0.4424E-00 0.2260E 01 0.5536E 01 0.1858E-C0

M=4 FQ= 0.50COE-02 FM= 0.2000E C3 NOPT=l1
N RED. FACTOR VULT.FACTOR SUM/W SUM/29.8

11 0.6178E 00 0.1619E 01 0.5369E 01 0.1802E-00
10 0.5887E 00 0.1699E 01 0.5372E 01 0.1803E-00
9 0.5551E OC 0.1802E 01 0.5405E 01 0.1814E-CO
8 0.5157E 00 0.1939E 01 0.5485E 01 0.1841E-00
7 0.4691E-00 0.2132E 0l 0.5640E 01 0.1893E-00

M=5 FQ= 0.3750E-G2 FM= 0.2667E C3 NCPT=ll
N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8

11 0.6018E 00 0.1662E 01 .0.5511E 01 0.1849E-00
10 0.572CE 00 0.1748E 01 0.5528E 01 0.1855E-00
9 0.5376E 00 C.160E 01 0.5580E 01 C.1873E-00
6 0.4975E-00 0.2010E 01 0.5686E 01 0.1908E-00
7 0.4502E-00 0.2221E 01 0.5e76E 01 0.1972E-GO

207



Gk/Pbys/6346

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---0,O---D VENUS-CLOSE-RETURN
7, CORRECTION STEPS
N RANGE TIME DELTA-lIME
0 0.2347E 03 0.3754E 04 0.
I 0.10b2E 03 O.1661E 04 0.2093L 04
2 0.4841E 02 0.7289E 03 0.9323E (o3
3 0.2237E 02 0.3180E 03 0.4110L 03
4 0.1065E 02 0.1399E 03 0.1780E 03
5 0.5371E 01 0.6423E 02 0.7569E 02
6 0.2995E 01 0.3206E 02 0.32181 02
7 0.1926E 01 0.1711E 02 0.1435[ 02

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---OO---D VENUS-CLOSE-rlETU"N
9 CORRECTION STEPS
N RANGE TIME DELTA-r'IME
0 0.2347E 03 0.3754E 04 0.
I 0.1267E 03 0.1993E 04 O.1761L 04
2 0.6858E 02 0.1052E 04 0.9403E 03
3 0.3735E 02 0.5531E 03 0.4994E 03
4 0.2057E 02 0.2901E 03 0.2630E 03
5 0.1154E 02 0.1531E 03 0.13691 03
6 0.6691E 01 0.8269E 02 0.1045E 02
7 0.4082E 01 0.466LE 02 0.3608E 02
8 0.2680E 01 0.2787E 02 0.1874E 02
9 0.1926E 01 0.1772E 02 O.1015E 02

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---O,O---0 VENUS-CLOSE-RETURN
11 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.3754E 04 0.
I 0.1417E 03 0.2237E 04 0.1517C 04
2 0.8567E 02 0.1328E 04 0.9085E 03
3 0.5197E 02 0.7859E 03 0.5423E 03
4 0.3170E 02 0.4637E 03 0.3222E 03
5 0.1949E 02 0.2735E 03 0.1902E 03
6 0.1215E 02 0.1622E 03 0.1114E 03
7 0.7729E 01 0.9747E 02 0.6469E 02
8 0.5070E 01 0.6007E 02 0.3740E 02
9 0.3469E O 0.3837E 02 0.2171C 02

10 0.2506E 01 0.2554E 02 0.1282E 02
11 0.1926E 01 0.1771E 02 0.7031C 01
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G-A/PhYu/63-6 ,6

COMPARISOJ CF LONGIrUOINAL AND TRANSVERSE VELOCITY ERRORS
CLASS Bi--1/2.1--h MARS, RETURN
BCHI'= 0.2169E C2 AON= 0. 6613E 01 ECCC= 0.300CE 01
TRANSVERSE ERHUR

RN DELRPN
0.2347E 03 0.3263E 01 G.2315E C4 0.1O00E 01
0.5' 21E 02 0.7761E 00 0.55C4E C3 0.2378E-00
G.1 0 3lE 03 0.I405E 01 0.9q63E C3 0.4304E-00
0.1470E 03 0.2025E 01 0.1437E C4 0.6207E 00
0.1908E 03 0.2645E 01 0.1876E G4 0.8103E 00
LCNGITUDINAL ERROR

RN DELRPN P Q
0.2347[ 03 0.1339E-O0 0.95COE C2 0.1000E 01
0.5921E 02 0.9753E-01 0.6q17E C2 0.7282E (0
0.1031L 03 0.1174E-00 0.8326E C2 0.8765E 00
0.1470E 03 0.1260E-00 O.8q38E C2 0.9409E 00
U.1i08E 03 0.1309E-00 U.9281E C2 0.9769E 00

VARIATIONS ON PERI-APSIS DISTANCE--PARSRETURN
CLASS $I--1/2.1--M
BON= 0.2169E 02 RPERN(1)= 0.1534E 02 DVON= 0.6782F-01

RN DELRPN P C
0.2347E 03 0.3263E 01 0.2315E C4 C.IOOCE 01
0.2630E 02 0.2745E-00 C.1947E C3 0.841CE-01
0.3127E 02 0.4498E-00 0.3190E C3 0.1378E-00
0.4824E 02 0.6151E O0 0.4362F C3 0.1885E-00
0.5921E 02 0.7761E 00 0.55C4E C3 0.2378E-00
0.7018E 02 0.93491 00 0.6630E C3 0.2865E-00
0.8114E 02 0.1C92E 01 0.7746E C3 U.3347E-OU
0.9211E 02 0.1249E 01 0.8857E 03 0.3827E-00
O.1031E 03 0.1405E 01 0.9963E C3 0.4304E-00
0.1140E 03 0.156CE Cl 0.1ICIE C4 0.4781(-00
0.1250E 03 0.1716E 01 U.1217E C4 0.5257E 00
0.1360E 03 0.1871E 01 0.1327E C4 0.5732[ 00
0.1470E 03 0.2025E 01 0.1437E C4 0.6207E 00
0.1579E 03 0.218CE 01 0.1546E C4 0.6681E 00
0.1689E 03 0.2335E 01 0.1656E C4 0.7155E 00
0.1799E 03 0.249CE u1 0.1766E C4 C.7629E OU
0.1908E 03 0.2645E 01 C.1876E C4 0.8103E 00
0.2C1BE 03 0.2799E 01 O.185E C4 0.8577E 00
0.2128E 03 0.2954E Cl 0.2095E C4 0.9052E 00
0.2237E 03 0.3109E 01 0.22C5E C4 0.9526E 00

M=4 FQ= 0.5857E 00 FM= 0.1707E Cl NCPT= 1
N RED. FACTOR MULT.FACTOR SLM/6 SUP/29.8
1 0.5857E 00 0.1707E 01 0.1707E 01 0.5729(-Cl

P=5' FQ= 0.43G3E-00 FM= 0.2276E Cl NCPT= 2
N RLC. FACIOR t'ULI.FACTOR StJM/,
2 0.662eE OU 0.1509E 01 0.2134E 01 716

I 0.4393E-00 C.2276E 01 0.2276E 01

a29



GA/Phys/63-5,6

TIME FROM PERI-APSIS IN MINUrES

CLASS BI--1/2,1--H MARS-OPT-RETURN
I CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 O.B095E 04 0.
1 0.1117E 03 0.3687E 04 0.4407E 04

TIME FROM PERI-APSIS IN MINUTES

CLASS BI--L/2,1--H MARS-OPT-RETURN
2 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.8095E 04 0.

1 0.1607E 03 0.5434E 04 0.2661E 04

2 0.1117E 03 0.3687E 04 0.1746E 04
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GA/Pbys/63-6,6

COMPARISON CF LONGITUDINAL ANtI TRANSVERSE VELOCITY ERRORS
CLASS BI-/.-HMARS, RETURN
BCN= 0.4148E 01 AON= 0.7668L 01 ECCO= 0.1137E 01
TRANSVERSE ERROR

RN DELRPN P
0.2347E 03 0.207Li 01 0.1413E C4 0.1000E 01
0.4778E 02 0.3542E-00 0.2512E C3 0.1706E-00
0.94,51E 02 0.7397E 00 0.5246E G3 0.3562E-00
0.1412E C3 0.1158E 01 0.8211E C3 0.5575E 00
0.1880E 03 U.1605E 01 0.1138E 04 0.7727E 00
LCNGITUDINAL ERROR

kN DELRPN p
0.2347E 03 0.?625E-01 0.1861E C2 0.1000E 01
0.4778E 02 0.2313E-01 0.1641E 02 0.8814E 00
0.9451E 02 0.2495E-01 0.1769E C2 0.9506E 00
0.1412E 03 0.2565E-01 0.1819E C2 0.9772E 00
C.1880E 03 0.2602E-01 0.lP45E C2 0.9913E 00

VARIATIONS CN PERI-APSIS DISTANCE--?PARSRETURN
CLASS BI1-112 .1--HM
OCN= 0.4148E 01 RPERN(2)= 0.105CE 01 OVON= C.1197E-0O

DELkPN*' 'PQ
0.2347E 03 0.2C77E 01 0.1473E C4 0.IOOCE 01
041273E 02 0.8835E-01 O'.6266E C2 0.4254E-01
0.2441E 02 0.114SE-0O 0.1239E C3 0.8415E-01
0.3610E 02 0.2633E-00 0.1868E C3 0.1268E-00
0.4778E 02 0.3542E-00 0.2512E 03 0.1706E-OU
0.5946E 02 0.4473E-00 0.3172E C3 0.2154E-00
0.7114E 02 0.5426E 00 0.3848E C3 0.2613E-00
0.8283E 02 0.6401E 00 0.4540E C3 0.3082E-00
0.9451E 02 0.7397E 00 02.524e6E C3 0.3562E-00
0.t062E 03 0.84.13E 00 0.5967E C3 0.4051E-00
0.1179E 03 0.94.49E 00 C.61CIE C3 0.455CE-00
0. f296E 03""*- 0.1.050E 01 0.7450E 03 0.5058E 00
0.1412E 03 0.1158E 01 0.8211E C3 0.5575E 00
0. .1529E 03 0.1267E 01 0.8985E C3 0.6101E 00
0.1646E 03 0.1378E 01 0.9772E C3 0.6635E 00

* O0i13E 03 0.1'.90E 01 0.1057E 04 0.7177E 00
0.1880E 03 0.1605E 01 0.1138E C4. 0.7727E 00
06.'1996E '03 0.1120E 01 0.1220E C4. 0.8284E 00
0.2113E 03 O.1E30E 01 0.13C3E C4. 0.8849E 00
0.2230E 03 0.1956E 01 0.1388E C4 0.94.21E 00



G-A/Phys/63-5,6

M=l FQ= C.2419E-Cl FM= 0.4134E C2 NCPT= 7
N RED. FACTOR MUL[.FACTOR SUM/W SUM/29.8
7 0.587EE OC 0.1102E 01 0.4503E 01 0.1511E-CO
6 0.537eE 00 C.1859E 01 0.4555E 01 0.1528E-00
5 0.475CE-00 0.2105E 01 0.4701E 01 0.1580E-00
4 0.3944E-00 0.2536E 01 0.5C71E 01 0.1702E-C0
3 0.2892E-00 0.3458E 01 0.5989E 01 0.20IOE-00

M=2 FQ= C.S676E-02 FM= 0.1033E C3 NCPT= 9
N RED. FACTOR MULT.FACTOR SUM/W SUP/29.8
9 0.5973E 6o C.1674E 01 0.5C23E 01 0.1685E-00
8 0.560CE 00 0.1786E 01 0.5C50E 01 0.1695E-O0
7 0.5155E OC 0.1940E 01 0.5132E 01 0.1722E-CO
6 0.4616E-00 0.2166E 01 0.5306E 01 0.1781E-00
5 0.3955E-00 0.2528E 01 0.5654E 01 0.1897E-00

M=3 FQ= 0.4838E-02 FM= 0.206 E C3 NCPT=ll
N RED. FACTOR MULI.FACTOR SLM/W SUM/29.8

11 0.6159E 00 0.1624E 01 0.5385E 01 0.1807E-00
10 0.5868E 00 0.1704E 01 0.5389E 01 0.1808E-00
9 0.553CE 00 0.1608E Ol 0.5425E 01 0.1820E-GO
8 0.5136E 00 0.1947E 01 0.5508E 01 0.1848E-00
7 0.4669E-00 0.2142E 01 0.5666E 01 0.190IE-00

P=4 FC= 0.3225E-02 FM= 0.3100E C3 NOPT=lI
N RED. FACTOR MULT.FACTOR SLM/W SUP/29.8

11 0.5936E OC 0.1685E 01 0.5587E 01 0.1875E-00
10 0.5635E 00 C.1175E 01 U.5612E 01 0.1883E-00
9 0.5287E 00 0.1892E 01 0.5675E 01 C.1904E-00
8 0.4882E-00 0.2048E 0l 0.5794E 01 0.1944E-00
7 0.4406E-OC 0.2269E 01 0.6C04E 01 0.2015E-00

M=5 FQ= 0.2419E-62 FM= 0.4134E C3 NOPT=12
N RED. FACTOR MULT.FACIOR SLM/W SUJ/29.8
12 0.6053E 00 0.1652E 01 0.5723E 01 C.1920E-CO
11 0.5783E 00 0.1729E 01 0.5735E 01 0.1925E-00
10 0.5475E 00 0.1927E 01 0.5776E 01 0.1938E-00
9 0.512CE 00 c.1953E 01 0.5859E 01 0.196bE-CO
8 0.470SE-0C 0.2123E 01 0.6CCbE 01 C.2015E-CO

a2



GA/PhYs/63-6,6

TIME FROM PERI-APSIS IN MINUjfES

CLASS 31--1/2,l--H MARS-CLOSE-RETURN
8, CORRECTION STEPS
N RANGE TIME DELTA-lIME
0 0.2347E 03 0.7853E 04 0.
I O.11I1E 03 0.3458E 04 C.4395E 04
2 0.5286E 02 0.1477E 04 0.1981E 04
3 0.2545E 02 0.6142E 03 0.8629E 03
4 0.1254E 02 0.2546E 03 0.3597E 03
5 0.6460E 01 0.11O1E 03 0.1445E 03
6 0.3598E 01 0.5227E 02 C.5785E 02
7 0.2250E 01 0.2787E 02 0.2440E 02
8 0.1615E 01 0.1646E 02 0.1141E 02

TIME FROM PERI-APSIS IN MINUTES

CLASS BI--1/2,1--H MARS-CLOSE-RETURN
10 CORRECTION STEPS
N RANGE TIME DELTA-rIME
0 0.2347E 03 0.7853E 04 0.
1 0.1290E 03 0.4084E 04 0.3768F 04
2 0.7109E 02 0.2084E 04 0.2000E 04
3 0.3940E 02 0.1043E 04 0.1041E 04
4 0.2204E 02 0.5148E 03 0.5280E 03
5 0.1254E u2 0.2547E 03 0.2601E 03
6 0.7343E 01 0.1295E 03 0.1252E 03
7 0.4496E 01 0.6952E 02 0.5999E 02
8 0.2936E 01 0.4011E 02 C.2941( 02
9 0.2083E 01 0.2492E 02 0.1519E 02

10 0.1615E 01 0.1647E 02 0.8452E 01

TIME FROM PERI-APSIS IN MINUTES

CLASS BI--1/2,1--H MAKS-CLOSE-RETURN
12 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.7853E 04 0.
1 0.1425E 03 0.4560E 04 0.3293E 04
2 0.8666E 02 0.2614E 04 0.1946E 04
3 0.5287E 02 0.1477E 04 0.1136E 04
4 0.3242E 02 0.8248E 03 0.6526[ 03
5 0.2004E 02 0.4574E 03 0.3674E 03
6 0.1254E 02 0.2547E 03 0.2027[ 03
7 0.8006E 01 0.1445E 03 0.1102E 03
8 0.5260E 01 0.8488E 02 0.5960t 02
9 0.35q9E 01 0.5229E 02 0.3259[ 02

10 0.2593E ol 0.3395E 02 0.1834C 02
11 0.1984E 01 0.2316E 02 0.1079C 02
12 0.1615E 01 0.1646E 02 0.6699- O

a 3



GA/Phya/63-5,6

CCMPARISUN CF LCNGITuOINAL ANJ IRANSVERSE VELOCITY ERRORS
CLASS IN---C.0---A MARS, RETURN
BON= 0.2153E Cl AON= 0.7613L 00 ECCO= 0.3000E 01
TRANSVERSE ERROR

RN DELRPN P Q
0.2347E 03 O.1045E 01 6.14CqE C3 0.1000E 01
C.4816E 02 0.2112E-CO C.1418E C3 0.2022E-00
0.9479E 02 0.4178E-00 U.2963E C3 0.3999E-00
0.1414E 03 0.6258E 00 0.4438E C3 0.5990E 00
0.18811 03 O.8348E 00 0.5921E C3 0.7991E 00
LCNGITUDINAL LRROR

kN DLLRPN P 0
0.2347E 03 0.4634E-02 0.3286E Cl 0.IO00E 01
0.4b16E 02 0.4461[-02 0.3164E Gl 0.9627E 00
0.9479E 02 0.4567E-02 0.3239E Cl 0.9857E 00
0.1414E 03 0.4604E-02 0.3265E CI 0.9936E 00
0.1881E 03 0.4622E-02 0.3278E Cl 0.9976E 00

VARIATICNS CN PERI-APSIS OISrANCE--MARSRETURN
CLASS IN---C.0---A
OCN= 0.2153E Ci RPERN(M)= 0.1523E 01 DVON= 0.2152E-u-i

RN DELRPN p Q
0.2347E 03 O.IC45E 01 0.74C9E C3 0.1000E 01
0.1318E 02 0.5695E-01 0.4039E C2 0.5451E-01
0.2484E 02 O.IC84E-00 0.76E7E C2 0.1038E-00
0.3650E 02 0.1598E-00 0.1133E C3 0.1529E-00
0.4816E 02 0.2I2E-O0 0.149SE C3 0.2022E-00
U.5982E 02 C.2627E-00 0.1863E C3 0.2515E-00
0.7147E 02 O.'3143E-00 0.2229E C3 0.3009E-00
0.8313E 02 0.3660E-00 0.2596E C3 0.3504E-00
0.9479E 02 0.4178E-00 0.2963E C3 0.3999E-00
O.lC64E 03 0.4697E-00 0.3331E C3 0.4496E-00
0.1181E 03 0.5217E GO 0.37COE C3 0.4993E-00
0.12q8E 03 0.5737F 00 0.409EE C3 0.5491E 00
0.1414E 03 0.6258E 00 0.4438E 03 0.5990E 00
0.15311 03 0.6779E 00 C.48C8E C3 0.6489E 00
0.1647E 03 0.7302E 00 0.5178E C3 0.6989E 00
0.1764E 03 0.7825E 00 0.5549E C3 0.7490E 00
0.1881E 03 0.8348E 00 0.5921E C3 0.7991E 00
0.1997E 03 0.8872C 00 0.6292E C3 0.8492E 00
0.2114E 03 0.9397E 00 0.66E4E C3 0.8994E 00
0.2230E 03 0.9922E 00 0.7037E C3 0.9497E 00



GA/PhYS/63-6,6

M=l FC= 0.5002E 00 FM= 0.1999E Cl NOPT= 1
N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8
I 0.5002E OC 0.1999E 01 0.1999E 01 0.6708E-C1

M=2 FQ= 0.20CIE-00 FM= 0.4998E Cl NOPT= 3
N RED. FACTOR MULT.FACIOR SCM/W SUM/29.8
3 0.584SE 00 0.1710E 01 0.2961E 01 0.9937E-Cl
2 0.4473E-00 0.2236E 01 0.3162E 01 0.1061E-CO
1 0.2001E-00 0.4996E 01 0.4998E 01 0.1677E-00

M=3 FQ= 0.1OCOE-O0 FM= 0.9995E Cl NOPT= 5
N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8
5 0.631CE 00 0.1585E 01 0.3544E 01 0.1189E-O0
4 G.5624E OC 0.1778E 01 0.3556E 01 0.1193E-00
3 0.4642E-00 0.2154E 01 0.3731E 01 0.1252E-00
2 0.3163E-00 0.3162E 01 0.4471E 01 0.1500E-GO
I 0.IOOCE-00 0.9995E 01 0.9995E 01 0.3354E-00

M=4 FQ= C.6670E-01 FM= 0.1499E C2 NOPT= 5
N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8
5 0.5819E 00 0.1719E 01 0.3843E 01 0.1290E-00
4 0.5082E 00 0.1968E 01 0.3936E 01 C.1321E-0O
3 0.4055E-00 0.2466E 01 0.4271E 01 C.1433E-GO
2 0.2583E-00 0.3872E 01 0.5476E 01 C.1838E-00
I 0.667CE-01 C.1499E 02 0.1499E 02 0.5031E 00

M=5 FQ= 0.50C2E-01 FM= 0.1999E C2 NCPT= 6
N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8
6 0.607CE 00 C.1647E 01 0.4C35E 01 0.1354E-00
5 G.5493E 00 0.1820E 01 0.4071E 01 0.1366E-C0
4 0.472SE-00 0.2114E 01 0.4229E 01 C.1419E-O0
3 0.3685E-00 0.2714E 01 0.4701E 01 C.1577E-CO
2 0.2237E-0U 0.4471E 01 0.6323E 01 0.2122E-00

235



GA/PhYa/63-5,6

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---O,O---A MARS-OPT-RETURN
2 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.2708E 04 0.
1 0.5368E U2 0.6023E 03 0.2106[ 04
2 0.1319E 02 0.1389E 03 04634L 03

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---O,O---A MARS-OPT-RCTURN
4 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.2708E 04 0.
1 OoII18E 03 Ol276E 04 0.1432' 04
2 O.53b7E 02 0.6021E 03 0.6741[ 03
3 0.2618E 02 0.2861E 03 0o3160L 03
4 0.1318E 02 0.1388E 03 O.1473E 03

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---U0O---A MAKS-OPT-RETURN
6 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.2708E 04 0.
1 O1431E 03 0.1640E 04 0.1068L 04
2 0.8744E 02 0.9932E 03 0.6468E 03
3 0.5367E 02 0.6021E 03 0.3911C 03
4 0.3318E 02 0.3661E 03 0.2360L 03
5 0.2074E 02 0.2241E 03 O,.420F 03
6 0.1319F 02 0.1388E 03 C.8527E 02

a6V



GA/Ph u/63-,6

COMPARISON Cl LONGITUDINAL AND TRANSVERSE VELOCITY ERRORS
CLASS IN---C.0---A MARS, RETURN
BON= 0.1644E Cl A(!N= 0.1613E CO ECCC= 0.238GE 01
TRANSVERSE ERROR

RN DELRPN P C
0.2347E 03 0.1024E 01 0.7259E C3 0.IO00E 01
0.4778E 02 0.2029E-00 0.1439F C3 0.1982E-00
0.9451E 02 0.4048E-00 0.28'1E 03 0.3955E-00
0.1412E 03 0.6093E CO 0.4321E C3 0.5953E 00
0.1880E 03 0.8157E 00 0.5785E C3 0.7969E 00
LONGITUCINAL ERkOR

RN DELRPN P 0
0.2347E 03 0.4041E-02 0.2866E Cl 0.1O00E 01
0.4778E 02 0.3920E-02 0.2780E Li 0.9702E 00
0.9451E 02 0.3994E-02 0.2833E Cl 0.9886E 00
0.1412E 03 0.4020E-02 0.2851F 01 0.9949E 00
0.1880E 03 0.4033E-02 0.2860E Cl 0.9981E 00

VARIATIONS CN PERI-APSIS DISTANCE--PARS,RETURN
CLASS IN---0.0O--- A
BCN= 0.1644E Cl RPERN(2)= 0.105CE 01 DVON= 0.2173E-00

RN DELRPN Pc
0.2347E 03 0.1C24E Cl C.7259E C3 0.IOOCE 01
0.1273E 02 0.5327E-01 0.3778E C2 0.5205E-01
0.2441E 02 O.lC3CE-00 0.73C4E C2 0.1006E-00
0.3610E 02 0.1528E-00 0.l0E4E C3 0.1493E-O0
0.4778E 02 0.2C29E-CO G.1439E C3 0.1982E-00
0.5946E 02 0.2531E-0C C.1795E C3 0.2473E-00
0.7114E 02 0.3035E-00 C.2152E C3 0.2965E-00
0.8283E 02 0.3541E-00 C.2511E C3 0.345qE-00
0.9451E 02 0.4C48E-00 0.2871E C3 0.3955E-00
0.1062E 03 0.4557E-00 0.3232E C3 0.4453E-00
0.1179E 03 0.5C68E 00 0.3594E C3 0.495LE-00
0.1296E 03 0.5580E CO C.395E C3 0.5451E 00
0.1412E 03 0.6093E 00 C.4321E C3 0.5953E 00
0.1529E 03 0.6607E 00 0.4686E C3 0.6455E 00
0.1646E 03 0.7123E 00 0.5051E C3 0.6959E 00
C.1763E 03 0.7639E 00 C.5418E C3 0.7463E 00
0.18BOE 03 0.8157E 00 0.5785E C3 0.796qE 00
0.1996E 03 0.8675E 00 0.6152E C3 0.8476E 00
0.2113E 03 0.9194E 00 0.6521E C3 0.8983E 00
0.2230E 03 0.9714E O0 0.6890E C3 0.9491E 00

a17



GA/Phya/63-5,6

PIl FC= 0.49C8E-01 FM= 0.2C37E 02 NCPT= 6
N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8
6 0.6051E 00 0.1653E 01 0.4C48E 01 0.1358E-00
5 0.5472E 00 C.1827E 01 0.4C86E 01 0.1371E-00
4 u.4707E-0C 0.2125E 01 0.4249E 01 0.1426E-00
3 0.3661E-OC 0.2731E 01 0.4731E 01 O.1587E-00
2 U.2215E-00 0.4514E 01 0.6384E 01 0.2142E-00

Mz2 FcQ= 0.1963E-01 FM= 0.5094E 02 NOPT= 8
N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8
8 C.6118E 00 0.1634E 01 0.4623E 01 0.155IE-00
7 0.5703E 00 C.1753E 01 0.4639E 01 0.1557E-00
6 0.5194E 00 0.1925E 01 0.4716E 01 0.1583E-C.
5 C.4556E-0C 0.2195E 01 0.4908E 01 0.1647E-00
4 G.3743E-00 0.2672E 01 0.5343E 01 0.1793E-00

M=3 FO= 0. i816E-02 FM= 0.1019E 03 NCPT= 9
N RED. FACTOR MJLT.FACTOR SUM/W SUM/298
9 u.5982E 00 0.1672E 01 0.5Cl5E 01 C.1683L-00
8 0.561CE 00 0.1782E 01 0.5C41E 01 0.1692E-00
7 O.5166E 00 C.1936E 01 0.5122E 01 C.1719E-0O
6 0.4627E-OU 0.2161E 01 0.5294E 01 0.1776E-00
5 0.3966E-00 0.2521E 01 0.5638E 01 C.1892E-00

V=4 FQ= 0.6544E-02 FM= 0.1528E C3 NOPT=10
N RLD. FACTOR MULT.FACTOR SLM/W SUM/29.8
1c 0.6048E OC 0.1654E 01 0.5229E 01 0.1755E-00
9 0.571SE OC 0.1749E 01 C.5246E 01 0.1760E-00
8 0.5333E 00 0.1875E 01 0.5304E 01 0.1780E-00
7 0.4875E-00 0.2051E 01 0.5427E 01 0.I82iE-0O
6 0.4325[-00 0.2312E 01 0.5664E 01 0.1901E-O0

M=5 FW= 0.49C8E-02 FM= 0.2037E. 03 NCPT=ll
N RED. FACTOR MULT.FACTOR SUM/W SUP/29.8
it 0.6167E 00 C.1622E 01 0.5378E 01 0.1805E-00
IC 0.5876E O C.1702E 01 0.5382E 01 C.1806E-CO
9 0.553SE 00 0.18C5E 01 0.5416E 01 0.1817E-00
8 0.5145E O0 C.1944E 01 0.5498E 01 0.1845E-00
7 0.4679E-00 0.2137E 01 0.5655E 01 0.I898E-C0

at



oL/PmYs/63-6 ,6

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---O,O---A MARS-CLOSE-RETURN
7' CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.2706E 04 0.
1 0.1104E C3 0.1258E 04 0.1449F 04
2 0.5220E 02 0.5833E 03 0.6744E 03
3 0.2498E 02 0.2708E 03 0.3125E 03
4 0.1225E 02 0.1271E 03 0.1437E 03

5 0.6290E 01 0.6163E 02 0.6547E 02
6 0.3502E 01 0.3180E 02 0.2983E 02
7 0.2197E 01 0..1781E 02 0.1398E 02

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---0,0---A MARS-CLOSE-RETURN
9 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.2706E 04 0.
1 0.1305E 03 0.1491E 04 0.1215E 04
2 0.7274E 02 0.8208E 03 0.6707E 03
3 0.4076E 02 0.4514E 03 0.3694E 03
4 0.2304E 02 0.2487E 03 0.2027E 03
5 0.1323E 02 0.1381E 03 0.IIC6E 03
6 0.7798E 01 0.7800E 02 0.6005E 02
7 0.4788E 01 0.4548E 02 0.3251E 02
8 0.3120E 01 0.2774E 02 0.1774E 02
9 0.2197E 01 0.1781E 02 0.,9934E 01

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---0,0---A MARS-CLOSE-RETURN
11 CORRECTION STEPSN RANGE TIME DELTA-TIME

0 0.2347E 03 0.2706E 04 0.
1 0.1454E 03 0.1665E 04 0.1042E 04

2 0.9017E 02 0.1023E 04 0.6417E 03

3 0,5609E 02 0.6282E 03 0.3948E 03

4 0.3504E 02 0.3858E 03 0.2424E 03

5 0.2204E 02 0.2374E 03 0.1484E 03

6 0.1402E 02 0.1468E 03 0.9054E 02

7 0.9058E 01 0.9180E 02 0.5502E 02

8 0.5996E 01 0.5845E 02 0.3335E 02

9 0.4104E 01 0.3820E 02 0.2025E 02

10 0.2936E 01 0.2579E 02 0.1242E 02

11 0.2215E 01 0.1801E 02 0,7775E 01

ag9



GA/PhYis/63-5,6

CCMPARISON CF LONGITUDINAL AND) TRANSVERSE VELOCITY ERRORS
CLASS IN---C.O --- B MARS, RETURN
BCN= 0.2217E Cl AON= 0.1837E 00 ECCO= O.300CE 01
TRANSVERSE EkROR

RN DELRPN p
0.2347E 03 0.1060E 01 0.7516E 0 3 O.lOOOE 01
0.4819E 02 0.2144E-00 0.152LE C3 0.2023E-00
0.9482E 02 0.4240E-00 0.3007E G3 0.4001E-00
0.1414E 03 0.6349E CO 0.45C3E 03 0.5991E 00
0.1881E 03 0.8469E 00 0.60C6E C3 0.7991E 00
LCNGITUDINAL ERROR

RN 0ELRPN P
0.2347E 03 0.4838E--02 0.3431E 01 0.1000E 01
0.4819E 02 0.4652E-02 0.32q9E 01 0.9617E 00
0.9482E 02 0.4766E-02 0.3380E Cl 0.9853E 00
0.1414E 03 0.4806E-02 0.3408E Cl 0.9934E 00
0.1881E 03 0.4826E-02 0.3422E Cl 0.9975E 00

VARIATIONS CN PERI-APSIS DISTANCE--F'ARSRETURN
CLASS IN---C.0---B
BON= 0.2217E Cl RPERN(I)= 0.1567E 01 DVON= 0.212LE-CO

RN OELkPN 0 0
0.2347E C3 0.1C6OE 01 0.7516E 03 0.1000E 01
0.1322E 02 0.5793E-01 0.4ICBE C2 0.5466E-01.
0.2488E 02 0.110IE-00 C.7810E C2 0.1039E-00
0.3654E 02 0.1622E-00 C.1151E C3 0.1531E-00
0.4819E 02 0.2144E-00 0.1521E C3 0.2023E-00
0.5985E 02 0.2667E-00 0.189LE 03 0.2516E-00
0.71L51E 02 0.3190E-00 0.2263E C3 0.3010E-00
0.8316E 02 0.3715E-00 0.2635E C3 0.3505E-00
0.9482E 02 0.4240E-O0 MOMC7 03 0.4001E-00
0.1065E 03 0.4766E-00 0.33BOE C3 0.4497E-00
0.1181E 03 0.5293E 00 0.3754E C3 0.4994E-00
0.1298E 03 0.5021E 00 0.4128E C3 0.5492E 00
0.14,14E 03 0.6349E 00 0.45C3E C3 0.5991E 00
0.1531E 03 0.6878E U0 0.4878E C3 0.6490E 00
0.1648E 03 0.7408E 00 C.52541F 03 0.6990E 00
0.1764~E 03 0.7938E 00 0.5630E C3 0.7490E 00
0.1881E 03 0.8469E 00 0.60C6E C3 0.7991E 00
0.1997E 03 0.9C00E 00 0.63e3E 03 0.8493E 00
0.2114E 03 0.9532E 00 0.6760E C3 0.8995E 00
0J.2230E 03 0.IC06E 01 0.7138E 03 0.9497E 00



OA/FRh/63-6,6

M=1 FQ= 0.5354E 00 FM= 0.1868E C NCPT= 1

N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8

1' 0.5354E 00 • 0.1868E 01 0.1868E 01 0.6268E-01

M=2 FQ= 0.2141E-00 FM= 0.4670E CI NCPT= 3

N RED. FACTOR MULr.FACTOR SLM/W SUM/29.8

3 0.5983E 00 0.1671E 01 0.28q5E 01 0.9715E-01

2 0.4628E-00 6.2161E 01 0.3C56E 0l 0.1026E-00

I 0.2141E-00 0.4670E 01 0.4610E 01 C.1567E-CO

M=3 FO= 0.I071IE-00 FM= 0.9339E Cl NOPT= 4.
N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

4 0.572CE 00 0.1748E 01 0.3496E 01 0.1173E-00

3 0.474SE-00 0.2106E 01 0.3L48E 01 0.1224E-00

2 0.3272E-00 0.3056E 01 0.4322E 01 0.1450E-00

1 0.1071E-00 0.9339E 01 0.9339E 01 0.3134E-00

M=4 FQ= 0.7138E-01 FM= 0.1401E 02 NOPT= 5
N RED. FACTOR MULT.FACTOR SLM/W SUM/29.8

5 0.5898E 00 0.1695E 01 0.3791E 01 C.1272E-00

4 0,516qE 00 0.1935E 01 0.3869E 01 0.1298E-00

3 0.4148E-00 0.2411E 01 0.4175E 01 0.1401E-O0

2 0.2672E-00 C.3743E 01 0.5293E 01 0.1776E-C0

I 0.7138E-01 C.1401E 02 0.1401E 02 0.4701E-00

M-5 FQ= 0.5354E-01 FM= 0.1868E C2 NOPT= 6

N RED. FACTOR PIULT.FACTOR SUM/W SUM/29.8

6 0.613SE OC 0.1629E 01 0.3S90E 01 C.1339E-00

5 0.556EE 00 0.1796E 01 0.4C16E O 0".1348E-00

4 O.481CE-00 0.2079E 01 0.4158E 01 O.1395E-O0

3 0.3769E-00 0.2653E 01 0.4596E 01 C.1542E-00

2 0.2314E-00 0.4322E 01 0.6112E 01 C.2051E-00

20.



GA/PhY /63-5,6

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---C,0---B MARS-OPT-RETURN
2 COR4ECIION STEPS
N RANGE TIME DELTA-lIME
0 0.2347C 03 0.2747E 04 0.
I 0.5j5lE C2 0.6320E 33 0.2115E 04
2 0.1405E 02 0.1504E 03 0.4816E 03

TIME FROM PERI-APSIS IN MINUrES

CLASS IN---C,O---B MARS-OPT-RETURN
4 CORRECTION STEPS
N RANGE TIME DELTA-lIME
0 0.2347E 03 0.2747E 04 0.
I 0.1137E 03 0.1317E 04 0.1430E 04
2 0.5550E 02 0.6319E 03 0.6848L 03
3 0.275IE 02 0.30o3E 03 0.3266E 03
4 0.1405E C2 0.1503E 03 0.1549[ 03

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---O,0---8 MARS-OPT-RETURN
6 CORRECTION STEPS
N RANGE TIME DELTA-FIME
0 0.2347E 03 0.2747E 04 O.
I 0.1447E 03 0.1682E 04 0.1065r 04
2 0.8943E 02 O.1031E 04 0.6519r 03
3 0.5551E 02 0.6319E 03 0.3987E 03
4 0.3468E 02 0.3885E 03 0.2433E 03
5 0.21A9E 02 0.2403E 03 0.1482C 03
6 0.1405E 02 0.L504E 03 0.e999E 02

222



GA/Thys/6 3-5.6

CL t, P4R I . fI L ING i Ul) IN4L A:.A) TRAISVERSE VELOC I TY L iRC S 3
CLASS I- C.-- MiARS, REIt;iRN
r['= ( ' ' ci Aur U. (1 41E 0 ELCC= O.234CE 01

TP A ,' V E. S i,' oo
W.; !)ELPN P C

i.234tL C 3 0. 1036E 01 0.7349E L3 0. O0OCE OI
U.477PL 02 U.2G52E-GU 0.14'5E C3 0.1980E-Ob
0.9451E 02 0.4095E-00 0.29CSF C3 0.3952E-00
(.1412E 03 (.6166E CO 0.4313[ L3 0.5950L 00
().I tO 0 3 0.8256E 00 G.5855E C3 0. 1968E Cu

LQ GI TUU..I NiAL 1I-. OJR

HN DEI.RPN P Q
0.2347E C3 G.4168E-2 C.2956E C I 0.100CE 01
0.41HE 02 0.4042F-02 0.2861F Ci 0.9698E O0
0.9451E 02 0.4120E-02 0.2922E Ci 0.9884E C0
0.1412E 03 0.4.47E-(02 C.2q4lE Ci 0.9948E 00
0.188CE 03 0.4160E-C2 0.2q50E Cl 0.9981E 00

VTARIATICNS CN PERI-APSIS DISTANCE--VARS,REItRN
CLASS [N - C.,- I

BCN= 0.1658F Cl RPERN(2}= 0.lO5CC Cl I)VON= C.2145E-C0

IN 1)E L R PN P Q
0.2347. 03 0.I.,36E U1 C.734'-E C3 O.IOOCE 01
0.1273E u2 U.53C6E-01 C.3820F C2 0.5198E-01
0.2441E 02 U.lC4lE-CO C.73e5F C2 O.1O05E-0O
0.3tlOE 02 0.1545E-CO C.InS6E C3 0.149LE-00
0.4778C u2 0.2G52E-UU U.145'F C3 0.1980E-00
0.5cy46i 02 0.2560E-00 C.1815[ C3 0.2470t-00
0.7114& 02 0.3C70E-OC 0.2171E C3 C.2963E-00
0.8283E 02 0.3582E-00 C.2540E C3 0.3457E-00
0.9451E 02 0.4(,9'E-0C U.29C5E C3 0.3952E-00
0.I,62E 03 0.46IIE-0O C.3270F C3 0.4450E-00
C.1179E 03 O.5LZ8E 00 C.3631E C3 0.4949E-00
0.1296E 03 0.5646E 00 0.4004E C3 0.5449E 00
0.1412E 03 0.6166E O0 0.4373E C3 0.595GE 00
0.1529L 03 0.6686E 00 0.4742E C3 0.6453E 00
0.1646L 03 0.7208E 00 C.5112E C3 0.6957E 00
0.1763E 03 0.7132E 00 0.5483E C3 0.1462E 00
0.1880E 03 0.8256E 00 0.5855E C3 0.7968E 00
0.I.V96E 03 0.8781E OC 0.6228F C3 0.8474E 00
0.2113E 03 0.9307E 0C 0.66ClE C3 0.8982E 00
0.2230E 03 0.9834E 00 0.6974E C3 0.9491E 00
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GA/ftys/63-5 .6

M=l FQ= 0,4848L.-0j FM= 0.2063E C2 NCPT- 6N PEC. FACTOR MULrFACTOR SLM/W SUN/2.8
6 0.603SE OC 0.1656E 01 0.4C56E 01 C.13olE-CO
5 0.545SE 00 0.1832E 01 0.4C96E 01 C.1375E-00
4 0.4692L-CO 0.2131E 01 0.4262E 01 G.It3OE-O0
3 0.3646E-00 0,2742E 01 U.4150E 01 0.1594E-00
2 0.2202E-00 C.4542E 01 0.6423E 01 0.2155L-CO

M=2 FQ= C.1939E-O FM= 0.5157E 02 NOPTw 8
N RED. FACTOR MULf.FACTOR SUM/W SUP/29.8
8 0.6109E 00 0.1637E 01 0.4630E 01 0.1554E-00
7 0.5693E OC 0.1756E 01 0.4647E 01 O*1559E-C0
6 0.5183E 00 0.1929E 01 0.4726E 01 C.1586E-00
5 0.4545E-Ou 0.2200E 01 0.4920E O C.1651E-O0
4 0.3732E-Ou 0.2680E 01 0.5359E 01 0.1798E-CO

M=3 FC= 0.9696E-02 FM= 0.1031E 03 NCPT= y
N REO. FACTOR PIULT.FACTOR SLM/W SUPI/29,8
9 0.5974E OC 0.1674E 01 O.5C21E 01 C.1685E-00
8 0.5602E 00 C.1185E OL 0.5C49E 01 C,1694E-00
7 0.5157E OC 01939E 01 0.5131E 01 0,1722E-00
6 0.4618E-OC 0.2166E 01 0.5304E 01 C.1780E-00
5 0.3957E-O0 0.2527E 01 0.5652E 01 O.896E-u0

M=4 FQ= 0.6464E-C2 FM= U.L547E 03 NOPT=IC
N RED. FACTOR MULr.FACTOR SLM/W SUP/29.8

10 0.604CE O 0.1656E 01 0.5235E 01 0.1757E-00
9 0.5711E 00 C.1751E 01 0.5253E 01 0.1763E-00
8 0.5325E 00 C.1878E 01 0.5312E 01 C.1782E-CO
7 0.4866E-OC 0.2055E 01 0.5437E 01 C.1824E-00
6 0.4316E-00 U.2317E 01 0.5675E 01 C.1904E-00

M=5 FQ= 0.4848E-02 FM= 0.2063E C3 NOPT-l
N REG. FACTOR MULr.FACTOR SLM/W SUP/29.8

IL 0.616CE 00 C.1623E 01 0.5384E 01 0.1807E-CO
10 0.586SE 00 0.1704E 01 0.5388E 01 0.180SE-00
9 0.5531E Oo 0.1808E 01 0.5423E 01 0.1820E-CO
8 0.5137E OC 0.1947E 01 0.5506E 01 C.184BE-CO
7 0.4671E-00 0.2141E 0l 0.5665E 01 C.1901E-CC

aA



OA/PFYu/63-5 6

TIME FROM PER[-APSIS IN MINUTES

CLASS IN---0,0 --- B MARS-CLOSE-RETURN
7 CORRECrION STEPS
N RANIGE TIME DELTA-(IME
0 0.2347E 03 0.2745E 04 0.
I 0.1102L u3 0.1273E 04 0.1472E 04
2 0.5203F 02 0.5891E 03 0.6840F 03
3 0.2436E 02 0.2728E 03 0.3163Z 03
4 0.1217E 02 0.1277E 03 0.1451E 03
5 0.6245E 01 0.6179E 02 0.6592C 02
6 0.3477E 01 0.3184E 02 0.2995E 02
7 0.2194E 01 0.1762E 02 0.14011 02

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---,O,0---6 MARS-CLOSE-RETURN
9 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.2745E 04 0.

1 0.1303E u3 0.1510E 04 0.1235E 04

2 0.7253E 02 0.8296E 03 0.6806E 03
3 0.4058E 02 0.4553E 03 0.3742C 03
4 0.2292E 02 0.2504E 03 0.2050E 03

5 0.1314E u2 0.1387E 03 O.1II71 03
6 0.7739 E (1 0.7820E 02 0.6048f: 02
I 0.4750E 01 0.4554E 02 0.3267: 02

8 0.3096E 01 0.2775E 02 0.1779L 02

9 0.2182E 01 0.1781E 02 0.9944F 01

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---oO---B MARS-CLOSE-RETURN
11 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E U3 0.2745E 04 0.
1 0.1450E 03 0.1684E 04 O.1061L 04
2 0.89lE 02 0.1032E 04 0.6520E 03

3 0.5566E 02 0.6316E 03 0.4000E 03
4 0.3469E 02 0.3867E 03 0.2449E 03
5 0.2177F 02 0.2372E 03 0.1495! 03
6 0.1382E 02 0.1463E 03 0.9092t: 02
7 o.8914E 01 0.9122E 02 0.5506L 02
8 0.5894E 01 0.5745E 02 0.3326L 02
9 0.4034F (- 0.3782E 02 (1.2013- 02

10 0.2888E (1I 0.25t1E 02 U.1231[ 02
11 0.2182E 01 0.1781E 02 0.7697E 01
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A/PhYIa/63-5,6

CCMP'RISON CF LCNGITUDINAL AND TRANSVERSE VELOCITY ERRORS
CLASS IN---C.0---C MARS, RETURN
ICN= 0.1599E Ci AON= 0.5655E O0 ECCC= 0.300CE 01
TRANSVERSE ERROR

RN DELRPN P
C.2347E 03 0.9C22E 00 0.63 9E C'3 O.I00E 01
C.41B4E 02 0.1811E-CO 0.1284E C3 0.2007E-00
Oq456E 02 0.3597E-00 0.2551E C3 0.3987E-00
0.1413E 03 0.5396E 00 0.3821E 03 0.5981E 00
0.168OE 03 0.7205E 00 0.5110E C3 0.1986E 00
LONGITUDINAL ERROR

RN OELRPN P Q
C.2347E 03 0.2976E-02 0.2110E Cl 0.IO00E 01
0.4784E 02 0.2892E-02 0.2051E Cl 0.9720E 00
0.9456E 02 0.2944E-G2 0.2088E Cl 0.9893E 00
0.1413E 03 0.2962E-02 0.2ICOE Cl 0.9952E 00
O.IlEOE 03 0.2970E-02 0.2lC7E Cl 0.9982E 00

VARIATIONS CN PERI-APSIS OISfANCE--PARSRETURN
CLASS IN---C.0---C
BON= 0.1599E Cl RPERN()= 0.1131E 01 OVON= C.2497E-C0

RN DELRPN P Q
0.2347E 03 0.9C22E GO 0.6399E C3 O.ICOOE 01
0.1281E 02 0.4794E-01 0.34COE C2 0.5314E-0L
0.2449E 02 0.9227E-01 0.6544E C2 0.1023E-00
0.3617E 02 0.1366E-00 0.96e9E C2 0.1514E-00
0.4784E 02 0.8IIlE-00 0.1284E C3 0.2007E-00
0.5952E 02 0..2256E-CO C.16COE C3 0.2500E-00
O.7120E 02 0.2702E-00 0.1916E C3 0.2995E-00
0.8288E 02 0.3149E-00 0.2233E C3 0.3491E-00
0.9456E 02 0.3597E-00 0.2551E C3 0.3987E-00
O.lCb2k 03 0.4C46E-00 0.2869E C3 0.4484E-00
0.1179E 03 0.4495E-00 C.3ME8E C3 0.4982E-00
0.1296E 03 0.4S45E-00 0.35C7E C3 0.5481E 00
0.1413E 03 0.5396E 00 0.3827E C3 0.5981E 00
O.152qE 03 0.5C47E O0 C.4147E C3 0.6481E 00
0.1646E 03 0.6299E CC 0.4468E C3 0.6982E 00
0.1763E 03 0.6152E 00 0.4789E C3 0.7484E 00
U.lt80E 03 0.7205E 00 C.5110E C3 0.7986E 00
0.1997E 03 0.7659E O 0.5432F C3 0.8489E 00
0.2113E C3 0.8113E O0 C.5754E C3 0.8992E 00
0.2230E 03 0.8567E GO 0.6076E C3 0.9496E 00
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GA/PY./63,.,6

M=l FQ= 0.1452E-00 FM= O.C889E Cl NOPT= 4
N RED. FACTOR PULI'.FACTOR SLM/1% SUP/29.8
4 0.6172E OL 0.1620E 01 0.3240E 01 O.1087E-CO
3 0.5255E 00 C.1903E 01 0.3296E 01 C.11O6E-CO
2 0.381CE-O0 0.2625E 01 0.3712E 01 C.1246E-00
I U.1452L-0 C.6889E 01 0.6E89E 01 0.2312E-00

M=2 FQ= 0.58C6[-C1 FM= 0.1722E 02 NOPT= 6
N RED. FACTOR MULT.FACTOR SLM/W SU1/29.8
6 0.6223E 00 C.1607E 01 0.3936E 01 0.132LE-00
5 0.566CE 0O0 C.1767L 01 0.3951E 01 0.1326E-00
4 0.4909E-00 0.2037L 01 0.4C74E 01 0.1367E-CO
3 C.3872E-OC 0.2582E 01 0.4473E 01 C.1501E-K-
2 0.241CE-00 0.4150E 01 0.5869E 01 C.1969E-CO

M=3 FQ= 0.2903E-01 FM= 0.3445E 02 NOPT= 7
N RED. FACTOR MULr.FACTOR SLM/W SUP/29.8
7 0.6031E 00 0.1658E 01 0.4387E 01 C.1472E-00
6 0.5544E 00 0.1804E 01 u.4418E 01 0.1483E-00
5 0.4927E-00 0.2030E 01 0.4539E 01 0.1523E-00
4 0.412eE-00 0.2423E 01 0.4845E 01 C.1626E-00
3 0.3073E-00 0.3254E 01 0.5636E 01 0.1891E-00

M=4 FQ= 0.1935E-01 FM= U.5167E 02 NOPT= 8
N RED. FACTOR IAULT.FACTOR SUM/W SUM/29.8
8 0.6107E 00 0.1637E 01 0.4631E 01 C.1554E-00
7 0.5692E 00 0.1757E 01 0.4648E O C.1560E-00
6 0.5182E 00 0.1930E 01 0.4727E 01 0.1586E-00
5 0.4543E-00 0.2201E 01 0.4922E 01 0.1652E-00
4 0.373CE-00 0.2681E 01 0.5362E 01 0&1799E-00

M=5 FQ= 0.1452E-01 FM= 0.6889E C2 NCPT= 8
N RED. FACTOR MULY.FACTOR SUM/W SUP/29.8
8 0.5892E 00 0.1697E 01 0.4801E 01 0.1611E-00
7 0.5463E 00 C.1831E 01 0.4843E 01 0.1625E-CO
6 0.4g39E-00 0.2025E 01 0.4959E 01 0.1664E-00
5 0.428SE-00 C.2331E 01 0.5213E 01 C.1749E-CO
4 0.3471E-OC 0.2881E 01 0.5762E 01 0.1934E-00
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GA/bYs/63-5 ,6

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---OO---C MARS-OPT-RETURN
4 CORRECTION STEPS
N RANGE TIME DELTA-IIME
0 0.2347E 03 0.2341E 04 0.
1 0.6220E 02 0.8086E 03 0.1532 04
2 0.2927E (2 0.2802E 03 0.5284F 03
3 O.1090E U2 0.9955E 02 0.1806 03
4 0.4521E 0l 0.3832E 02 0.6123r- 02

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---0,0---C MARS-OPT-RETURN
6 CORRECTIOrN STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.2341E 04 0.
1 0.1165E 03 0.1153E 04 0.1189L 04
2 0.5811E 02 0.5675E 03 0.5851E 03
3 0.2927E C12 0.2802E 03 0.2873E 03
4 0.1503E 02 0.1398E 03 0.1404E 03
5 0.7996E 01 0.7152E 02 0.6827E 02
6 0.4521E 01 0.3832E 02 0.3319E 02

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---O,0---C MARS-OPT-RETURN
8 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E C3 0.2341E 04 0.
1 0.1387E 03 0.1376E 04 0.9650E 03
2 0.8222E 02 0.8088E 03 0.5674E 03
3 0.4891E 02 0.4756E 03 0.3332E 03
4 0.2928E 02 0.2803E 03 0.l953E 03
5 0.1772E 02 0.1661E 03 O.1142F 03
6 0.1090E 02 0.9959E 02 0.6653E 02
7 0.6889E 01 0.6090E 02 0.3869E 02
8 0.4523E Ul 0.3834E 02 0.2256E 02

2.8



OA/Phys/63-6,6

COMPARISON CF LONGITUDINAL AND) TRANSVERSE VELOCITY ERRORS
CLASS IN --- G.0 --- C MAkS, RETURN
BON= 0.1514E Cl AON= 0.5655E 00 ECCO= 0.2857E 01
TRANSVERSE ERROR

RN DELRPN P Q
0.2347E 03 0.8992E 00 0.6377E C3 0.1OOOE 01
0.4778E 02 0.1798E-00 0.127SE 03 0.2000E-00
0.9451E 02 0.3578E-00 0.2538E C3 0.3979E-00
0.1412E 03 0.5372E 00 0.3810E C3 0.5975E 00
0.1880E 03 0.7178E 00 0.5090E C3 0.7982E 00
LONGITUDINAL ERROR

RN DELRPN P
0.2347E 03 0.2903E-02 0.2059E Cl 0.1000E 01
0.477BE 02 0.2825E-02 0.2004E 01 0.9733E 00
0.9451E 02 0.2873E-02 0.2038E 01 0.9898E 00
0.14.12E 03' 0.2889E-02 0.2049E Cl 0.9954E 00
0.1880E 03 0.2898E-02 0.2055E 01 0.9983E 00

VARIATONPER-AP 0I DSTANCE--PARS @RETURN
CLASS. IN ---C0.0 --- C
BCffN_= .-1'E0 RPERN(21= 0.1050E 01 DVON= 0.2498E-00

RNR P P _ -.. . -, - , '
0.2347E 03 0.8992E 00 0.6377E C3 0.1OOOE 01
0.1273E 02 O.A4bE-b0l - 0.3361E 02 0.5271E-01
0.2'41E 02 0:9147E-01. 0.6487E 02 0.1017E-00
0.3610E 02 0.1356E-00 C.9617E C2 0.1508E-00
0.4778E 02 0.1798E-00 0.1275E 03 0.2000E-00

34iE0.1242E-00 0.1590E 03 0.2493E-00
0.7114E 02 0.2686E-00 O.19C5E 03 0.2987E-00
0.8283E 02 0.3132E-00 C.2221E 03 0.3483E-00
0.9451E 02 0.3578E-00 0.2538E C3 0.3979E-00
0.1062E 03 .'0E-0 0.2855t C3 0.4477F-00
0.1179E 03 0.4474E-00 0.3173E 03 0.4975E-00

-'--d 2 T 3-4 t60 0.1491E 03 0.5475E 00'
0.1412E 03 0:5372E 00 0.3810E 03 0.5975E 00

0759.....0'5623E 00 0.4130E 03 0.6476E 00
0.1646E 03 0:6274E 00 0.444'9E C3 0.6977E 00

T7V3-06725E 00 0.4770E C3 0.7480E 00
0.1880E 03 0:7178E 00 - 0.5090E 03 0.7982E 00

'T,~qf "Y -___- '6'b'E-66 -o5 412t 63 0.8486t 00
0.2113E 03 0:8084E 00 0.5733E C3 0.8990E 00
0.240C 03 0 -- 0853!E 66 0.61055E C3' 0.9495E 00
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GA/Pbys/63-5 ,6

M=l FQ= 0.5587E-01 FM= 0.1790E C2 NOPT = 6

N RED. FACTOR MULI.FACTOR SUM/W SUM/29.8

6 0.6183E 00 0.1617E 01 0.39.62E 01 0.1329E-00

5 0.5616E OC 0.1781E 01 0.3982E 01 0.1336E-00

4 0.4862E-00 0.2057E 01 0.4114E 01 0.1380E-00

3 0.3823E-00 0.2616E 01 0.4531E 01 0.1520E-00

2 0.2364E-00 0.4231E 01 0.5983E 01 0.2008E-00

P=2 FQ= 0.2235E-01 FM= 0.4475E C2 NCPT= 8

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

8 0.6218E 00 0.1608E 01 0.4549E 01 0.1526E-00

7 0.581CE 00 0.1721E 01 0.4554E 01 0.1528E-00

6 0.5307E 0C 0.1884E 01 0.4615E 01 0,1549E-00

5 0.4676E-OC 0.2139E 01 0.4782E 01 0-1605E-00

4 0.3866E-OU 0.2586E 01 0.5173E 01 0.1736E-00

m=3 FQ= 0.1117E-01 FM= 0.8949E 02 NOPT= _

N RED. FACTOR MULT.FACTOR SUM/U SU'/29.8

9 0.6069E 00 0.1648E 01 0.4943E 01 .0..1659E-00

8 0.5702E U0 0.1754E 01 0.4960E 01 0.166'5E-00

7 0.5262E 00 O.1900E 01 0.5C28E 01 0.1687E-00

6 0.4728E-00 0.2115E 01 0.5181E O C.1738E-00

5 0.407CE-00 0.2457E 01. 0.5493E OL ..0:1843E-00

M=4 FQ= 0.7449E-02 FM= 0.1342E 03 NCPT=IO

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

10 0.6126E 00 0.1632E 01 0.5162E 01 0.1732E-00

9 0.5802E 00 0.1724E 01 0.5101E 01 0.1735E-00

8 0.5420E 00 0.1845E 01 0.5218E 01 0.1751E-00

7 0.4966E-00 0.2014k 01 0.5328E 01 0.1788E-00

6 0.441SE-00 0.2263E 01 0.5543E 01 C.1860E-00

M=5 FQ= 0.5587E-02 FM= 0.1790E 03 NOPT=IC

N RED. FACTOR MULT.FACTOR SUM/W SUM/29.8

IC 0.5953E 00 0.1680E 01 0.5312E 01 0.1783E-00

9 0.561SE 00 0.1780E 01 0.5339E 01 0.1792E-00

8 0.5229E 00 0.193E 01 0.5409E 01 0.1815E-CO

7 0.4766E-00 0,2098E 01 0.5551E 01 0.1863E-00

6 0.4212E-00 0.2374E 01 0.5815E 01 C.1951E-00
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OA/Pbyu/63-4,6

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---0,0---C MARS-CLOSE-RETURN
S6; CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.2341E 04 0.
1 0.9946E 02 0.9814E 03 0.1359E 04
,2 0.4250E 02 0.4115E 03 0.5700E 03
3 0.1851E 02 0.1737E 03 0.2378E 03
4 0.8404E 01 0.7531E 02 0.9839[ 02
5 0.4147E 01 0.3478E 02 0.4054E 02
6 0.2355E 01 0.1770E 02 0.1707E 02

TIME FROM PERI-APSIS IN MINUTES

CLASS IN---0,0---C MARS-CLOSE-RETURN
8 CORRECTION STEPS
N RANGE TIME DELTA-TIME
0 0.2347E 03 0.2341E 04 0.
1 0.1232E 03 0.1220E 04 0.1121E 04
2 0.6494E 02 0.6355E 03 0.5845E 03
3 0.3446E 02 0.3314E 03 0.304IF 03
4 0.1852E 02 0.1738E 03 0.1576E 03
5 0.1018E 02 0.9247E 02 0.8131E 02
6 0.5826E 01 0.5068E 02 0.4180E 02
7 0.3547E 01 0.2910E 02 0.2157E 02
8 0.2356E 01 0.1772E 02 0.1139E 02

TIMEFROM PERI-APSIS IN MINUTES

CLASS IN---090---C MARS-CLOSE-RETURN
10 CORRECTION STEPS

N RANGE TIME DELTA-TIME
...... .2347E' 03 0.2341E 04 0.

1 O.140E 03 0.1390E 04 0.9510F 03
2 0.8385E 02 0.8249E 03 0.56501 03
3 0.5034E 02 0.4896E 03 0.3352E 03
4 O.3039E 02 0.2911E 03 0.1986E 03
5 0.1852E 02 0.1738E 03 0.1173E 03
6 0.1145E 02 0.1047E 03 0.6907E 02
7 0.7240E .01 0.6416E 02 0.4056E 02
8 0.4735E 01 0.4033E 02 0.2383E 02
9 0.3244E 01 0.2623E 02 0.141OE 02

10 0.2356E 01 0.1772E 02 0.8510! 01
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Program

(Variable Xaiitude Oorrective Impulse Error Anlysis)

232



G.A/Pkys/63-5,6

G'IH ULTI-STEP CI)T[VIZATIO-4 PROLEt'

ir)nV( )10),FOPTI( 51 ),FOIPT2( 510) ,RRI( 510, 15) ,QOPTS( 15),

1213 RE-I) INPUT TAPE 2,202,TITLE1,G,Rf!NRPLANWsVlN,Nl
202 FOUiMAT (12A6,/5Cl2.0,9115)

V1's!F2=2.Oi*EC
RPf.l (1) =2.0.G/VINF2
ADn=Anl)+ 1 .0
F(CAOOr-3 .0)22,33,33

22 'RPfl-2)=1.l*RPLAN

33 RlPCR(2)=6690.0
66 AC(/(2.l*EC)

00 70 1=1,2
COUNT=0.C 0
nvsiJP= 10c0000.0

2 1 RE~AP, N~PUTJ fAPE 2 , 203 FrIrtE2,RI NPi
203 FORV'AT (12A6,/E12.0)

fECCfl=(RPfER( 1)/AO)+1.0
Bfl=AO*S',RTF( (ECCO*ECCO)-l.0)
VOO=SORTF(G*(2.0/RPER( I)+l.0/AO))
HU=RPER (I) *VCC
'VCOSQRTF(G/RPERC!)-

OVON=DVO/2). 8
RPERNM()=iRP[RM()/RPLAN
R(1)=RIIPIUT .

R1=RPLAN*(RIN-R(1))f500.0

R( 1)=RINlPUT*RPLAN
DO 102 L=2,501. - - .-

R CL )=R CL- 1) 4RD
VC=SPRTF(G.(2.0/R(L)+1.0/AO))
S F1O= 110/ (R ( L ) *VO0
FIO=ASIN(HSFICI).
VCV 2 =V0'V C 4-iEL V * L V
VOV=S4RIF (VC'V2)
FI=FIOliATANF Gc CLV/VO)
ATRL=(G.P(L))/(R(L)*(VOV*VOV)-2.O.G)
,iR~U=(L)*VOV*SINF(FI)
ETPU=G/ (2 .0*ATIU)
BTRU=SCRTF( ( HTRUJ*tTR~iJ)2.0*ETRU)
ECrR(J=SQRTF((HTRtJ0B'TtjJ)/(ArRU*ATRtJ)+ 1.0)
ROTRU=ATF!U*([CTRU-1.)
DCLRPN=(ROTRU-RPER(MI /RPLAN

102 P(L)=DELRPN/W
DO 101 L=1,501

R ( L) =R( CL) /RPLAN
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GA/PbYu/63-6,6

D0V3=P(501 )/P(L)
101 01M(L ) =DOV3*CCDV3

WRITE OUTPUT TAPE 3,301,TITLE1,TITLE2
301 FCRV4AT (12A6,/12A6)__

0V(501)=0.0
flVD=SQPTF(OinV( 1))'
WRITE OUTPUT TAPE 31305,O)VUR(l)

305 FORM~AT (IHO,9X,1H1,4X,6H4DVOPT=ELZ.5,/15X, 12lIROPT( 1t 1 )=E11 .4)

ROPT(1 ,l)=R( 1)
DO 16 V=29N

I M =M-2
O VOPT=1.00000000.*0
FOPT2( 1)=0.0
DO 14 J=M,500
RRI (J, I)=R( )
FOPT1 U) =10000000.0
JJ=J-1
IF ( MMM) 2 ,2,3

2 I)V3=P(J)/Pr(l)
OV(l )=DV3*DV3..
FOPT1(J)=bV( 1)
FOPTIM( =0.0
GO TC 9

3 00 8 K=P~tJJ
I) V3=P(J )/P (K)
DV (K)=DV3*DV3
FUNC=DV( K) +FOPT2 (K)
IF(FOPTI(J)-FUNC)8t6t6

6 FOPT1(J)=FUNC
DO 7 L=2,M

7 RRI(CJ,L)=RR2( KL)
8 CONTINUIE
9 RRU(JM)=R(J)

T-EST=FflPTI(J)4DDVEJ)
IF(COVOPT-TEST ) 1',14, 10

10 DVOPT=TEST
DO 11 1=19M

11 ROPT(M,L)=RRI CJL)
14 CONTINUE

DC 12 J=!,9501
00a 13 L=lM

13 RR2(.JL)=RRI(J,L)
12 FOPT2(J)=FOPTI(J)

OVOPT1=SCQRTF( CVCPT)
CCUNT=COUNT+1 .0
IF (COUNT-8.0) 43,40,4-1

40 WRITE OUTPUT TAPE 3,33
GO 'TO 43

41 IF(COUNT-12.O)43q42t43
42 WRITE OUTPUT TAPE 3,333

333 FORMAT (IHI)
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43 WR1IrE OOTPUT TAPE 3,303,M,t)VCPTI
303 FOR'Al' (lH0,0X,12,4X,6HDVCPT=EI2.5)

DO0 15 L=t
.15 WRITE OUTPUT TAPE 3,304,!M,L,RUPT(MvL)

334 FORM"AT ( IOX,5HRIOPT( ,12, H, , 2,2Hi)=ElI.4)
IF(DVS(JP-DVCPT1I 16, 6, 1001

1001 IDVStJP=DVCPTI

DC 1002 L=100
1002 ROPTS(L)=ROPT (ML)

16 CCNT INUE...

AON=AO/R PLAN
TTT= CA(1**1.5) /SQRTF C 0)
COSMFI=( 1.0/ECCO)'t I.O*RIN/AON)
CflS112=C(QSiF I*COSHF I
S INHF [=S~lP Ft COSH2- 1. 0)
FI=LOGF(COSHFI+SQRrF(C05H42-1.0))

.-*--*-T-TTECCS INHF I-FI Y 10/60.0)
TT1=TT

.i---RIf E- UTUfJT-APE--if3 ,0t..............
306 FORMAT (lH2,9X,31HTIME FROM PERT-APSIS IN MINUTES)
---- ---- T=0-.0......

TT=O.o
- WR ITE OUTPUT -TAPE 3,s307 T IILE 2,NN

307 FORMAT (12A6v/I0X,12,2Xl6HCORRECTION STEPS,
1-I 1Xi-HN,5-X,5RANGE, llX, 4t1T-IM4E8X-tOHDELTA-T-IME)
DO 17 K=1,N.N

COS112=COSHF I*COSIF I
.SINF I=SQRTF tCOSti2-1 .0)

FI=LOGF(CUSHFI+SQRTF(COSH2-1.0))
T=-T-TT-t~CC0.SNtFI-F I ) *tI-.f)fee0. 0J............

DT=T-TT

WRITE OUTPUT TAPE 3,308,KvROPTS(K),T,DT

17 CONTINUE

309 FORMAT C LOX,12,2X,EII.4,4X,EI.4,5X3HI.0)
~70 -CONTINUE...........- - -

GO TO 120
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MULrI-srEP VARIABLE REDUCTION NUMBER PROBLEM

CLASS BI--1/291--H MARS-OPT

I DVOPT= 0.18552E 02 9 6VOPT= 0.4-501E 01
'ROPT( It I)- 0.2078E 02 ROPI( 9, 1)= O.2078E 02

ROPT( 9, 2)= 0.249BE 02
2 DVOPT= 0.60913E 01 ROPT( 9t 3)= 0.33qqE 02

ROPT( 2, I)= 0.2078E 02 ROPT( 9s 4)= 0.4661E 02
ROPT( 2, 2)- 0.7604E 02 ROPT( 9, 5)= 0.6403E 02

ROPT( 9t 6) 0o.8865E 02
3 OVOPT= 0.45852E 01 ROPT( 9, 7)= 0.1223E 03

ROPT( 3, I)= 0.2078E 02 ROPT( 9, 8)a 0.1685E 03
ROPT( 3, 2)= 0.4721E 02 ROPT( 99 9)z 0.2328E 03
ROPT( 3, 3)= 0.1229E 03

10 DVOPT= 0.42349E 01
4 DVOPT= 0.41508E 01 ROPTiIO, 1)= 0.2078E 02

ROPT( 4, 1)= 0.2078E 02 ROPT(10, 2)= 0.2438E 02
ROPTI 4, 2)= 0.3700E 02 ROPr(10, 3)z 0.3219E 02
ROPT( 4, 3)= 0.7604E 02 ROPT(lO, 4)= 0.4300E 02
ROPT( 4, 4)= 0.1565E 03 ROPT(IO, 5)- 0.5742E 02

ROPT(O, 6): 0.7664E 02
5 DVOPT= 0.40102E 01 ROPT110 7)= 0.1019E 03

ROPT( 5, 1)- 0.2078E 02 ROPT(109 8)x 0.1355E 03
ROPTI 5, 2)- 0.3219E 02 ROPTIIO, 9)z 0.1806E 03
ROPT( 5, 3)- 0.5682E 02 ROPT(1010)= 0.2406E 03
ROPT{ 5, 4)- 0.1013E 03
ROPT( 5, 5)- 0.1806E 03 IL DVOPT= 0.43253E 01

ROPT(It, 1)= 0.2078E 02
6 OVOPT- 0.39854E 01 ROPT(11t 2)m 0.2373E 02

ROPT( 6v 1)= 0.2078E 02 ROPTiIlt 3)- 0.3099E 02
ROPT( 6, 2)- 0.2919E 02 ROPTIl, 4)z 0.4000E 02
ROPT( 6, 3)- 0.4721E 02 ROPrillt 53z 0.520tE 02
ROPT( 6, 4)= 0.7604E 02 ROPT(11 t 6)= 0.6763E 02
ROPT( 6, 5)= 0.1229E 03 ROPr(l, 7)z 0.8745E 02
ROPTI 6, 6)u 0.L986E 03 ROPTIII, 8)- 0.1133E 03

ROPT(ti, 9)z 0.1469E 03
7 DVOPT- 0.40156E 01 ROPTI1,10)= 0.1908E 03

ROPT( 7, 1)= 0.2078E 02 ROPT(11,11)= 0.2472E 03
ROPT{ 7, 2)= 0.2739E 02
ROPT( 7, 3)- 0.4120E 02 12 DVOPT= 0.44187E 01
ROPT( 7, 4)= 0.6222E 02 ROP'rl12, 1)= 0.2078E 02
ROPT( 7t 5)z 0.9406E 02 ROPT(129 2)m 0.2318E 02
ROPT( 7, 6)- 0.1415E 03 ROPT(12 t 3)m 0.29L9E 02
ROPT( 7, 7)- 0.2I30E 03 ROPT(12, 4)m 0.3700E 02

IROPT(129 5)z 0.4721E 02
8 DVOPTm 0.40748E 01 ROPTII2t 6)z 0.5982F 02

ROPT( 8, 1)= 0.2078E 02 ROPT(12, 7)x 0.7604E 02
ROPT( 8t 2)x 0.2619E 02 ROPT(12, 8): 0.9646E 02
ROPT( 8. 3)z 0.3760E 02 --- ROPT(-12t9)- 0.1229E 03
ROPT( 89,4)- 0.5382E 02 ROPT(12v10): 0.1559E 03
ROPT( 89 5)- 0.7664E 02 ROPT(12,11)a O.L986E 03
ROPTI 8, 6)u 0.1097E-03 ROPT(12,12)z 0.2526E 03
ROPT( 8, 7)= 0.1571E 03
ROPT( 8, 8)= 0.224E 03
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L3 OVOPT= 0.45138E 31 15 DVOPr= 0.47056E 01
RCPTL3 13= 0.?07SE 02 ROPr1-, 13= O.207E 02
ROPr(i3, 23= 0.2258E 02 ROPTI15, 2)= O.2lq8E 02
RoPr(13L 3)= 0.2799E 02 ROPT1.5, 3)= 0.2679E 02
ROPT(139 4)= 0.3459E 02 ROPr(15, 4)= 0.3219E 02
ROPr(131 5)=, 0.4300E 02 ROPT(15, 5)= 0.3880E 02
ROPY(13, 6)= 0.5382E 02 ROPT(159 6)= 0.4721E 02
Ropr(t13L.= 0.6703C 02 ROPT(15, 7)= 0.5742E 02
ROPT(13, 8)= 0.8385E 02 ROPt(15, 8)= 0.694.3E 02
ROPT(i 9= O.1049E 03 ROPT(l5, 9)= 0.8385E 02
ROPT(13,1O)= 0.1313E 03 ROPT(15,10= 0.1019E 03
ROPT(13,11)= 0.1643E 03 "ROPT-5,-"-0.235E03
ROPT(13,12)= 0.2052E 03 ROP'T(5t23= 0.1493E 03
.ROP.(±313= 0.2568E 03 ROPT(l5tL3)= 0.1806E 03

ROPT(15#14)= 0.2190E 03
14 DVOPT=0.46097E 01 ROPr(t5,L5)= 0.2652E 03

ROPT(149 1)= 0.2078E 02
ROPT(I4, 2)= 0.2258E 02
RoPr(L4, 3)= 0.2739E 02
ROPT(14v 4)= 0.3339E 02
ROPT(14, 5)= 0.4120E 02
ROPT(149 6)= 0.5081E 02
ROPI(149 7)= 0.6222E 02
RoPr(14, 8)= 0.7664E 02
ROPT(149 9)= 0.9406E 02
ROPT(1410)= 0.1157E 03
ROPT(14911)= 0.1421E 03
ROPT(14912)= 0.1745E 03
RoPr(14,13)= O.2142E 03
ROPTII414.= 0.2622E 03

TIME FROM PERI-APSIS IN MINUTES

CLASS BI--1/21--H MARS-OPT
6 CORRECTION STEPS
N RANGE TIME DELTA-TIME

i -. 2078E 02 0.3864E 03 0.3864E 03
2 0.2919E 02 0.5573E 03, 0.1709E 03
3 0.472[E 02 0.9278E 03 0.3705E 03
4 0.7604E 02 0.1528E 04 0.5999E 03
" 0--.--oi29E 03 0.2511E 04 0.9835E 03
6 o.1986E 03 0.4110E 04 . 0.1598E 04
0 0.3211E 03 6708E 04 0.0
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MULTI-STEP VARIABLE REDUCTION NUMBER PROBLEM

CLASS BI--1/2,1--H MARS-CLOSE

DVOPT= 0.46981E 03 9 DVOPT= 0.59807E 01
ROPTI L, 1)= 0.1781E 01 ROPT( 9, 1)= 0.1.781E 01

ROPT( 9, 2)= 0.2420E O
2 DVOPT= 0.30654E 02 ROPTI 9.._ 31= 0.4336E O1

RCPT( 2, 1)= 0.1781E 01 ROPT( 9, 4)= 0.7529E O
ROPT( 2, 2)= O.L711E 02 ROPT( 99 5)= 0.1392E 02

ROPT( 9, 6)= 0.2605E 02
3... DVOPT= 0.13474E 02 ROPT( 9v 7)= 0.4104E 02

ROPTI 3, 1)= 0.1781E 01 ROPT( 9, 8)= 0.9183E 02
ROPT( 39 2)= 0.6251E 01 ROPT( 99 9)= 0.1717E 03
ROPTI 39 3)= 0.4521E 02

L0 DVOPr= 0.59065E 01
4 DVOPT= 0.93273E 01 ROPT(10, 1)- 0.1781E O

ROPT( 4, 1)= 0.178tE 01 ROPT(10, 2)= 0.2420E 01
ROPT( 4, 2)= 0.4336E 01 ROPr(10, 3)= 0.3697E 01
ROPT( 4t 3)= 0.1775E 02 ROPT([O, 4)= 0.6251E O
ROPT( 4v 4)= 0.7650E 02 RCPTI(o, 5)= 0.1072E 02

ROPT(10 6)z 0.1902E 02
5 OVOPT= 0.76577E 01 ROPT(10, 7)- 0.337LE 02

ROPT( 5, 1)= 0.1781E 01 ROPT(IO, 8)= O.5990E 02
ROPT( 5, 2)= 0.3058E OL ROPT(13, 9)= 0.1052E 03
ROPr( 5t 3)= 0.9445E O ROPT(10,10)= 0.L838E 03
ROPT( 5, 4)= 0.3116E 02
ROPT( 5, 5)= 0.1008E 03 11 DVOPT= 0.58782E O

ROP(I11t I)- O.L781E O
6 OVOPT= 0.68582E 01 RoPr(IL, 2)= 0.2420E O

ROPT( 6, L)= O.t781E 01 ROPT(t1, 3)= 0.3697E O
ROPTI 6, 2)= 0.2420E 01 ROPT(11, 4)- 0.5613E Ot
ROPTI 6, 3)- 0.5613E 01 ROPT(11, 5)- 0.9445E 01
ROPT( 6, 4)= 0.1519E 02 ROPT(I1, 6)= O.t583E 02
ROPr( 6, 5)= 0.4265E 02 ROPT(IL, 7): 0.2605E 02
ROPT( 6, 6)- 0.1174E 03 ROPT(IIt 8)- 0.4329E 02

ROPTtII, 9)- 0.7203E 02
O DVOPT= 0.63718E 01 RoPrEilt1)= O.l187E 03

ROPT( 7v I)- 0.1781E O ROPT(Itll) O. ig53E 03
ROPT( 7, 2) 0.2420E 01
ROPT( 7- 3)- 0.4974E 01 12 OVOPT= 0.58770E 01
ROPT( 7, 4)- O.L136E 02 ROPT(12, I)- O.1.781E 01
ROPTI 7, 5)- 0.2669E 02 - ROPT(ii, 2)i -0.2420E-Ol
ROPml 7, 6)- 0.68lE 02 ROPT112, 3)= 0.3697F 01
ROPT( 7, 7)- 0.1410E 03 ROPT(12, 4)= 6.5613E 01

ROPT(I2, 5)- 0.8806E 01
a DVOPT= 0.61158E 01 ROPT(12, 6)- 0.1392E 02

ROPT( 8, 1)- 0.1181E 01 ROPT(I2, 7): 0.2222E 02
ROPT( 8, 2)- 0.2420E 01 ROPTI12. 8i- 0.3499E 02
ROPTI 8, 3)- 0.4336E 01 ROPr(12, 9)- 0.5479E 02
ROT 8, 4)-.8O or RAdPr(12,13=. -bi--0
ROPrf__P~t5)= 0:1839E 02 ROPT(12,11)- 0.1327E 03
ROPT( 8, 6)= 0.3818E-02 ROPT(12912)= 0.206tE 03
ROPT( 8, 7)= 0.1842E 02
ROPT(8 8)z '0.L8E0
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13 DOvPT= 0.58987E 01 15 DVOPT= 0.5965.9E 01
ROPT(139 1)= 0.1781E 01 R1PS, 1)= 0.1781E 01
ROPT(13, 2)= 0.2420E 01 ROPT 15, 23= 0.2420E 01
ROPT(13, 3)= 0.3697E 01 ROPTdI5t 3)= 0.3058E O
ROPT(13, 4)= 0.5613E 01 ROPT(15, 4)= 0.4336E 01
ROPT(139 5)- 0.8167E 01 ROPT(15, 5)= 0.6251E 01
ROPT(13, 6)= 0.1200E 02 . ROPT(15, 6)= 0.8806E 01
ROPT(13# 7)= 0.1839E 02 ROPTiI5t 73= 0°1264E 02
ROPT(139 8)= 0.2797E 02 ROPT(15, 8)= 0.1839E.02
ROPT(13, 9)= 0.4202E 02 ROPT(15, 9)= 0.2669E 02
ROPT(13,10)= 0.6309E 02 ROPT(1510)= 0.3818E 02
ROPT(1311)= 0.9502E 02 ROPT(15,11)= 0.5479E 02
ROPT(13,12)= 0.1429E 03 ROPT(15,12)= 0.7842E 02
ROPT(13,13)= 0.2138E 03 'ROPTII533 O.1116E 03

.. ROPTC15t14)= 0.1589E 03
14 DVOPT= 0.59272E 01 ROPT(15,15) 0.2259E 03

ROPT(14, 1)= 0.1781E O
ROPT(149 2)= 0.2420E 01
ROPTI149 3)= 0.3058E 01
ROPT(14, 4)= 0.4336E 01
ROPT(14, 5)a 0.6251E 01
ROPT(14, 6)= 0.9445E 01
ROPT(149 7)= 0.1392E 02
ROPr(I49 8)= 0.2094E 02
ROPT(14# 9)= 0.3116E 02
ROPT(14vlO)= 0.4649E 02
ROPT(14,11)= 0.6884E 02
ROPTII412)= O.i014E 03
ROPT(i4t13)= 0.1487E 03
ROPT(14,14)= 0.2183E 03 ---------- -

TIME FROM PERI-APSIS IN MINUTES

CLASS BI--1/2tl--H MARS-CLOSE
12 CORRECTION STEPS
N RANGE TIME DELTA-TIME
I 0.1781E 01 0.1889E 02 0.1889E 02 ""
2 0.2420E 01 0.2987E 02 0.1098E 02
3 0.3697E 01 0.5122E 02 0.2135E 02
4 0.5613E 01 0.8410E 02 0.3289E 02
5 0.8806E 01 0.1415E 03 0.5740E 02
6 0.1392E 02 0.2377E 03 0.9622E 02
7 0.2222E 02 0.4002E 03 0.1625E 03
8 0.3499E 02 0.6575E 03 0.2573E 03
9 0.5479E 02 0.1064E 04 0.4067E 03

10 0.8544E 02 0.1702E 04 0.6382E 03
11 0.1327E 03 0.2695E 04 0.9926E 03
12 0.2061E 03 0.4247E 04 0.1551E 04
0 0.3211E 03 0.6684E 04 0.0
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MULTI-STEP VARIABLE REDUCTION NUMBER PRG tLEM

CLASS EX---0,0---A VENUS-OPT

'1 DVOPT= 0.82158E 01 9 DVOPT= 0.37910E 01

ROPT( 1, 1)= 0.2178E 02 ROPT( 9s 1)= 0.2178E 02
ROPT( 9, 2)= 0.2546E 02

2 DVOPT= 0.40536E 01 ROPT( 99 3)= 0.3198E 02
ROPT( .2, 1)= 0.2178E 02 ROPT( 9, 4)= 0.4049E 02

....... ROP.T(2..2.J= 0.5749E 02 ROPT( 9g 5)= 0.5097E 02
ROPT( 9, 6)= 0.6430E 02

3 DVOPT= 0.34950E 01 ROPT( 9, 7)= 0.8130E 02

ROPT( 3, 1)= 0.2178E 02 ROPT( 9, 8)= 0.1026E 03
ROPT( 3, 2)= 0.4077E 02 ROPT( 9, 9)= 0o1295E 03

ROPT( 3, 3)= 0.8159E 02
10 DVOPT= 0.39036E 01.

4 DVOPT.= 0.33861E 01 ROPT(10, 1)= 0.2178E 02

ROPT( 4, 1)= 0.2178E 02 ROPT(LCs 2)= 0o2490E 02

ROPT( 4, 2)= 0.3425E 02 ROPT(10, 3)= 0.3057E 02

ROPT( 4, 3)= 0.5778E 02 ROPT(10 4)= 0.3765E 02

ROPT( 4, 4)= 0.9717E 02 ROPT(10, 5)= 0.4644E 02
ROPT(10 6)= 0.5721E 02

5 DVOPT= 0.34073E 01 ROPT(IOt 7)= 0.7053E n2

ROPT( 5, 1)= 0.2178E 02 ROPT(1O, 8)= 0.8697E 02
ROPT( 5, 2)= 0.3085E 02 ROPT(10, 9)= 0.1074E 03
ROPT( 5, 3)= 0.4672E 02 ROPT(lOb10)= 0.1326E 03

ROPT( 5, 4)= 0.7082E 02

. ...... .(.5, 5)= O.1077E 03 11 DVOPT= 0.40165E 01
ROPT(11, 1)= 0.2178E 02

6......O.0.34795E 01 .RQPT(L1, 2)= 0.2461E 02

ROPT( 6, 1)= 0.2178E 02 ROPT(Il, 3)= 0.2972E 02

ROPTI.6, 2)= 0.2858E 02 .. ROPT(11 4)= 0.3595E 02

ROPT( 6# 3)= 0.4049E 02 ROPT(lI, 5)= 0.4332E 02

....RQPIl .6.. I) z. 0..5749E 02 ... ROPT(l[, 6)= 0.5239E 02
ROPT( 6, 5)= 0.8159E 02 ROPT(11 7)= 0.6345E 02

.... 6., 6)= 0.1156E 0.3 ROPT(11, 8)= 0.7677E 02
ROPT(1I, 9)= 0.9264E 02

-7-_ DVO.PT= .0.35745E .01 ..ROPT(1l,1O)= 0.1119E 03

ROPT( 7, 1)= 0.2178E 02 ROPT(11911)= 0.1352E 03

..... R.Pt._3 21= 0.2745E 02
ROPT( 7, 3)= 0.3680E 02 12 DVOPT= 0.41287E 01

..........ROP _ ._.4)= 0.4956E, 02 ROPT(12, 1)= 0.2178E 02

ROPT( 7, 5)= 0.6685E 02 ROPT(12, 2)= 0.2405E 02

...... ROpJ(.71.6.)= 0.9009E 02 ROPT(12, 3)= 0.2858E 02
ROPT( 7, 7)= 0.1213E 03 ROPT(12, 4)= 0.3397E 02

ROPT(12j 5)= 0.4049E 02

8 -VO-PT-O'36803E 01 ROPT(12p 6)= 0.4814E 02

.. RPT( 8,. 1..)=..0,2178E 02 ROPT(12v 7)= 0.5721E 02

ROPT( 8, 2)= 0.2632E 02 ROPT(12, 8)= 0.6826E 02

.. ROPT( 8,. 31= 0.3425E 02 ROPT(129 9)= 0.8130E 02

ROPT( 8, 4)= 0.4446E 02 ROPT(12 10)= 0.9689E 02
.OPT..8.5..='O5778E 02 ROPT(12,11)= 0.1153E 03

ROPT( 8, 6)= 0.7507E 02 ROPT(12,12)= 0.1374E 03

ROPT( 8, 7)= 0.9717E 02
ROPT( 8, 8)= 0.1261E 03
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13 OVOPT= 0.42397E 01 15 DVOPT= 0.44568E 01
ROPT(13, . 1)= 02178E 02 ROPT(i, 1)= 0.2178E 02
ROPT(13, 2)= 0.2376E 02 ROPT(15, 2)= 0.2348E 02
ROPT(t3, 3)= 0.2802E 02 ROPT(15, 3)= 0.2688E 02
ROPT(13, 4)= 0.3283E 02 ROPT(15, 4)= 0.3085E 02
ROPI, 3, 5)= 0.3850E 02 ROPT(15, 5)= 0.3539E 02
ROPT(I3, 6)= 0.4531E 02 . ROPT(I5, 6)= 0.4077E 02
ROPT(13, 7)= 0.5324E 02 ROPT(15, 7)= 0.4672E 02
ROPT(13, 8)= 0.6260E 02 .ROPT(15s 8)= 0.5381E 02
ROPT( 13, 9)= 0.7337E 02 ROPT(15, 9)= 0.6174E 02
ROPT(13,10)= 0.8612E 02 ROPT(15,10)= 0.7110E 02
ROPT,13,11)= 0.101IE 03 ROPT(15,11)= 0.8159E 02
ROPT(13,12)= 0.1187E 03 ....... ROPT(15,12)= 0.9377E 02
ROPT(13, 13)= 0.1394E 03 ROPT(15,13)= 0.1077E 03

ROPT(l5,14)= 0.1238E 03
14 DVOPT=-0.43491E 01 ROPT(15,15)= 0.1422E 03

ROPT(14, 1)= 0.2178E 02
ROPT(14, 2)= 0.2348E 02
ROPT(14, 3)= 0.2717E 02
ROPT(14v .41=...0.3142E 02

.ROPT(14v 5)= 0.3652E 02
ROPT(14p 6)= 0.4247E 02
ROPT(14, 7)= 0.4927E 02
ROPT.(14, 8)= 0.5721E 02
ROPT(14, 9)= 0.6656E 02

,ROPT(14,10)= 0.7733E 02
ROPT(14,11)= 0.8981E 02
ROPT(14,12)= 0.1043E 03
ROPT(14,13)= 0.1213E 03
ROPT(I.4,l4)= 0.1408E 03

I....I.ME FROM PERI-APSIS IN MINUTES

... SLASS .- EX---Q,0---A VENUS-OPT.........
4 CORRECTION STEPS

RANGE TIME DELTA-TIME
1 0.2178E 02 0.2905E 03 0.29C5E 03
2 0.3425E 02 0.4679E 03 0.1774E 03
3 0.5778E 02 0.8061E 03 0.3382E 03
4 0.9717E 02 0.1377E 04 0.5709E 03
0 0.1635E 03 0o.2343E 04 0.0
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MULTI-STEP VARIABLE REDUCTION NUMBER PRCBLEM

CLASS EX---0,0---A VENUS-CLOSE

DVOPT= 0.89037E 02 9 DVOPT= 0.49407E 01
ROPT( 1, 11= 0.2925E 01 ROPTI 9, 1)= 0.2925E 01

ROPT( 9, 21= 0.3567E 01

2 DVOPT= 0o.13345E 02 ROPT(:9, 3)= 0.5494E 01
ROPT( 2, 1)= 0.2925E 01 ROPT( 9, 4)= 0.8706E 01
ROPT( 2, 2)= 0.1802E 02 ROPT( 9, 5)= 0.1417E 02

ROPT( 9, 6)= 0.2316E 02
3 DVOPT= 0.77343E 01 ROPT( 9, 7)= 0.3793E 02

ROPT( 3, 1)= 0.2925E 01 ROPT( 9, 8)= 0.6202E 02
ROPT( 3, 2)= 0.8706E 01 RUPT( 9, 9)= 0.1009E 03
ROPf( 3, 3)= 0.3793E 02

10 DVOPT= 0.49549E 01
4 DVOPT= 0.61438E 01 ROPT(10# 1)= 0.2925E 01

ROPT( 4, 1}= 0.2925E 01 ROPT(10p 2)= 0.3246E 01
ROPT( 4, 2)= 0.6136E 01 ROPT(10, 3)= 0.4852E 01
ROPT( 4, 3)= 0.1802E 02 ROPT(10, 4)= 0.7421E 01
ROPT( 4, 4)= 0.5463E 02 ROPT(10p 5)= O.1160E 02

ROPT 10, 6)= 0.1802E 02

5 DVOPT= 0.54889E 01 ROPT(10, 7)= 0.2797E n2
ROPT( 5, 11= 0.2925E 01 ROPT(10, 81= 0.4371E 02
ROPT( 5, 2)= 0.4852E 01 ROPT(10, 9)= 0.6812E 02
ROPT( 5, 31= 0.1160E 02 ROPT(10,10)= 0.1057E 03
ROPT( 5, 4)= 0.2797E 02
ROPT( 5, 5)= 0.6780E 02 11 DVOPT= 0.49887E 01

ROPT(1 1= 0.2925E 01

6 OVOPT= 0.51775E 01 ROPT(119.2)= 0.3246E 01
ROPT( 6, 1)= 0.2925E 01 ROPT(1, 3)= 0.4531E 01
ROPT( 6, 2}= 0.4210E 01 ROPT(11 4)= 0.6779E 01
ROPT( 6, 3)= 0.8385E 01 ROPT(I, 5)= 0.9990E 01
ROPT( 6, 41= 0.1770E 02 ROPT(11, 6)= 0.1481E 02
ROPT( 6, 5)= 0.3729E 02 ROPT(Il, 7)= 0.2219E 02
ROPT( 6, 6)='0.7840E 02 ROPT(Ils 8)= 0.3311E 02

ROPT(11# 9)= 0.4949E 02
DVOPT= 0.50245E 01 ROPT(1l#10)= 0.7390E 02
ROPT( 7, 1)= 0.2925E 01 ROPT(11, ll)= 0.1102E 03
ROPT( 7, 2)= 0.3888E 01

ROPT( 7, 3)= 0.71OOE 01 12 DVOPT= 0.50367E 01
ROPT( 7, 4)= 0.1320E 02 ROPT(12, 1}= 0.2925E 01
ROPT( 7, 5)- 0.2476E 02 ROPTI(12, 2)= 0.3246E 01
ROPTI 7, 6)= 0.4660E 02 ROPT(129 3)= 0.4531E 01
ROPT( 7, 7)= 0.8739E 02 ROPT(12, 4)= 0.6458E 01

ROPT(12, 5)= 0.9027E 01

8 DVOPT= 0.49585E 01 ROPT(129 61= 0.1288E 02
ROPT{B 11)= 0.2925E 01 ROPT(12, 7)= 0.1866E 02
ROPT( 8, 2)= 0.3567E 01 ROPT(129 8)= 0.2701E 02
ROPT( 8t 3)= 0.5815E 01 ROPT(12, 9)= 0.3889E 02
ROPT( 8p 4)= 0.9990E 01 ROPT(12 10)= 0.5591E 02
ROPT( 8, 5)= 0.1738E 02 ROPT(12111)= 0.8000E 02
ROPT( 8, 6)= 0.3054E 02 ROPT(12,12}= 0.1144E 03
ROPM( 8 7)= 0.5367E 02
ROPT( 8, 8)= 0.9381E 02
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13 DVOPT= 0.50953E 01 15 DVOPT= 0.52295E 01
ROPT(13, 1)= 0.2925E 01 ROPT(15, 1)= 0.2925E 01
ROPT(13, 2)= 0.3246E 01 ROPT(15, 2)= 0.3246E 01
ROPT(13, 3)= 0.4210E 01 ROPT(15, 3)= 0.4210E 01
ROPT(13, 4)= 0.5815E 01 ROPT(15, 4)= 0.5494E 01
ROPT(13, 5)= 0.8063E 01 ROPT(15, 5)= 0.7100E 01
ROPT(13, 6)= 0.1127E 02 ROPIT(S, 6)= 0.9348E 01
ROPT(13, 7)= 0.1577E 02 ROPT(15, 7)= 0.1256E 02
ROPT(13, 8)= 0.2219E 02 ROPT(15, 8)= 0.1673E 02
ROPT(13, 9)= 0.3087E 02 ROPT(15, 9)= 0.2219E 02
ROPT(13,10)= 0.4307E 02 ROPT(15,10)= 0.2958E 02
ROPT(13,11)= 0.6009E 02 ROPT(15,11)= 0.3954E 02
ROPT(13,12)= 0.8385E 02 ROPT(15,12)= 0.5270E 02

ROPT(13,13)= 0.1173E 03 ROPT(15,13)= 0.7005E 02
ROPT(15,14)= 0.9285E 02

14 DVOPT= 0.51599E 01 ROPT(15,15)= 0.1234E 03
ROPT(14, 1)= 0.2925E 01
ROPT(14, 2)= 0.3246E 01
ROPT(14v 3)= 0.4210E 01
ROPT(14, 4)= 0.5494E 01
ROPT(14, 5)= 0.7421E 01
ROPT(14, 6)= 0.9990E 01
ROPT(14, 7)= 0.1352E 02
ROPT(14, 8)= 0.1834E 02
ROPT(14, 9)= 0.2508E 02
ROPT(1',10)= 0.3440E 02
ROPT(14,11).= 0.4692E 02
ROPT(14,12)= 0.6426E 02
ROPT(14,13)= 0.8771E 02
ROPT(14,14)= 0.1198E 03

TIME FROM PERI-APSIS IN MINUTES

CLASS EX---O,O---A VENUS-CLOSE
9 CORRECTION STEPS
N .. RANGE . TIME DELTA-TIME
I 0.2925E 01 0.3008E 02 0.30C8E 02
2 0.3567E 01 0.3829E 02 0.8209E 01
3 0.5494E 01 0.6313E 02 0.24e4E 02
4 .0.8706E 01 0.1056E 03 0.4248E 02
5 0.1417E 02 O.1800E 03 0.7437E 02
6 0.2316E 02 0.3055E 03 0.1255E 03
7 0.3793E 02 0.5155E 03 0.2099E 03
8 0.6202E 02 0.8619E 03 0.3464E 03
9 0.1009E 03 0.1425E 04 0.5632E 03
0 0.1635E 03 0.2337E 04 0.0
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MULTI-STEP VARIABLE REDUCTION NUMBFR PROBLEM

CLASS IN---0,0---A MARS-OPT-RETURN

I DVOPT= 0.19991E 02 9 DVOPT= 0.41847E 01
ROPT(.l, 1)=. 0.1319E 02 ..ROPTI 9, 1)= 0.1319E 02

ROPT( 9, 2)= O.1673E 02
2 DVOPT= 0.63232E 01 ....... ROPTE 9, 3)= .0.2338E 02

ROPT( 2, 1)= 0.1319E 02 ROPT( 9, 4)= 0.3268E 02
ROPT( Z 2)= 0.5306E 02 ROPT( 9p 5)= 0o.4553E 02

ROPT( 9, 6}= 0.6325E 02
3 DVOPT= 0.47009E 01 . ROPTC 9. 71= 0.8762E 02

ROPT( 3p 1}= 0.1319E 02 ROPT( 9, 8)= 0.1217E 03
ROPTI 3v 2)= 0.3224E 02 - ROP.T...9, .9)= 0..1691E 03
ROPTI 3, 3)= 0.8717E 02

10 .. DVOPT.=...42666E 01
4 DVOPT= 0.42291E 01 ROPT(IO, 11= 0.1319E 02

ROPT( 4, 1}= 0.1319E 02 _ROPtLO.. .2.).=. 0.1629E 02
ROPT( 49 2)= 0.2515E 02 ROPTI(O, 31= 0.2205E 02
RQPT( 4, 3)= 0.5306E 02 ROPTIlO. 43= 0.2958E 02
ROPT( 4# 4)= 0.1115E 03 ROPT(IO, 5)= 0.3977E 02

.ROPT(10s 6.)= 0.53.50E 02
5 DVOPT= 0.40706E 01 ROPTIlO, 7)= 0.7211E 02

ROPT( 5, 13= 0.1319E 02 .........ROP O..L)P...9692E 02
ROPT( 5t 2)= 0.2205E 02 ROPT(IO, 9)= 0.1301E 03
ROPT( 5, 3)z 0.3977E 02 _ ROPT(10101=. .0.1749E 03
ROPT( 5, 4)= 0.7211E 02
ROPTI 5, 5)= 0.1301E 03 1 D..DPT=.0.43547E 01

ROPTIlIt I)= 0.1319E 02
.6 DVOPTm 0.40354E 01 .... .2LII.. 21. 0.1515E 02

ROPTI 6v 11= 0.1319E 02 ROPTIll, 31= 0.2072E 02
ROPT( 6, 2)= 0.1984E .02 ......ROP.TtI.1., 41= 0.2692E.02
ROPTI 6, 31= 0.3268E 02 ROPT(Ilt 53= 0.3534E 02
ROPT(.6t.-,4 = 0.5350E 02 .. ROPT(. 11s 6)= 0.4642E 02
ROPTI 6, 5)=.0.8762E 02 ROPTIIIt fl= 0.6104E 02
.ROPTI 6, 6}m .0.1434E 03 o.. .OP.I11, B= 0.8009E 02

ROPT(II, 9)= 0.1049E 03
7 DVOPT= 0.40587E 01 .. R0PT(11,10= 0.1372E 03

ROPT( 7, l= 0.1319E 02 ROPT(11t11)= 0.1793E 03
.. ROPT (. 7, 2)= 0.1851E 02,

ROPTI 7, 3)= 0.2825E 02 12 DVOPT= 0.44463E 01
ROPT( 7 4)= 0.4332E 02 ROPT(12s I)= 0.1319E 02
ROPT( 7, 51= 0.6635E 02 ROPTII29 23= 0.1541E 02
ROPT{ ?v 61= 0.1014E 03 ROPT(129 3)= 0.1984E 02
ROPT( 7, 73= 0.1545E 03 ROPT(I29 4)= 0.2559E 02

8 . ..... ...... . 01ROPT(12, 5)= 0.3268E 02
a DVOPT= 0.61.130E 01 ROPT(12v 6)= 0.4199E 02

ROPT( 8, 1)= 0.1319E 0..ROPI(1Z 7)= 0.5350E 02
ROPT( 8, 2)= 0.1762E 02 ROPT(129 81= 0.6857E 02
ROPT( 8, 33= 0.2559E 02 ROPT(129 9}= 0.8762E 02
ROPT. 8, 4)= 0.3711E 02 ROPT(12,10)= 0.1120E 03
ROPI 8. 5)= 0.5350E 02 ROPT(12&11)= 0.1434E 03
ROPT( 8, 63= 0.7743E 02 ROPT(12912}= 0.1833E 03
ROPT, 8, 7)= 0.1120E 03
ROPT, 8, 8)= 0.1620E 03



A/APhY6/63-6,6

13 DVOPT= 0.45399E 01 15 DVOPT= 0.47291E 01
........ ROPT(13v 1)= 0.1319E 02 ROPT(15, 1)= 0.1319E 02

ROPT(13, 2)= 0.1541E 02 ROPT(15. 2)= 0.1452E 02
. ROPT(13# 3)= 0.1939E 02 ROPT(15, 3)= 0.1762E 02

ROPT(13, 41= 0.2427E 02 ROPT(15, 4)= 0.2161E 02
ROPT(13, 5)= 0.3047E 02 ROPT(15, 5)= 0.2648E 02
ROPT(13, 6)= 0.3844E 02 ROPT(15 6)= 0.3224E 02

. . ROPT(139 7)= 0.4819E 02 ROPTII5, 7)= 0.3933E 02
ROPT(13, 8)= 0.6059E 02 ROPT(15, 8)= 0.4819E 02
ROPT(13, 9)= 0.7610E 02 ROPT(15, 9)= 0.5882E 02
ROPT113lO)= 0.9559E 02 ROPTEL5 10)= 0.7167E 02

* ROPT(13g1)= 0.1195E 03 ROPT(15,11)= 0.8717E 02
ROPT(13912)= 0.1496E 03 ....RaPT!15,12)= 0.1062E 03
ROPT(13213)= 0.1873E 03 ROPT115,13)= 0.1297E 03

ROPTI15P14)= 0.1581E 03
14 DVOPT= 0.46343E 01 ROPTI15@15)- 0.1926E 03

ROPT'(14p 13= 0.1319E 02
ROPT(14, 23= 0.1496E 02
ROPT(14, 33= 0.1851E 02
ROPT114s 4)= 0.2294E 02
ROPT(149 53= 0.2825E 02
ROPT(14s 6)= 0.3490E 02
ROPT(14, 7)= 0.4332E 02
.ROPT(149 8)= 0.5350E 02
ROPT(14, 9)= 0.6591E 02
RORT(14 101 0.8142E 02
ROPT(14,11)X 0.1005E 03
ROPT(14@12)= 0.1244E 03
ROPT(14v13)= 0.1536E 03
RPT(14,14)= 0.1900E 03

.TIME FROM PERI-APSIS IN.MINUTES

.. LLASS...IN--D...C ........ MARS-.OPT-REIURN.................
6 CORRECTION STEPS

--h..- ...RANGE- -......TIME DELTA-!TImE
I 0.1319E 02 0.1388E 03 0.1388E 03

.2.- .0.1984E02 .0.2138E 03 0.7499E 02
3 0.3268E 02 0.3604E 03 0.1466E 03

.--.-0.5I.*-OE_.0.. 0 -.D.6002E 03 0.2397E 03
5 0.8762E 02 0.9953E 03 0.3951E 03
6..... O..1434E 03 0.1644E 04 0.6491E 03
0 0.2347E 03 0.2708E 04 0.0



OA/PhYB/63-5,6

MULTI-STEP VARIABLE REDUCTION NUMBER PRCBLEM

CLASS IN---OO---A MARS-CLOSE-RETURN

.1 DVOPT= 0.20375E 03 9 DVOPT= O.54207E 01
ROPT( 1, L)= 0.2197E 01 -. ROPT(.9, 1 =.0.2197E 01

ROPT( 9, 23= 0.2662E 01
2 DVOPT= 0.20187E 02 ROPT( 9, 3)= 0.4522E 01

ROPTI 2, 1)= 0.2197E 01 ROPTI 9, 4)= O.7777E Ol
ROPT( 2o 2)= 0.1708E 02 RoPT( 9, 5)= 0.1382E 02

ROPT( 9, 6)= 0.2452E 02
DVOPT= 010194E 02 ... ROPT..( 9, 7)= 0.4312E 02
ROPT( 3, 1)= 0.2197E 01 ROPT( 9, 8)= 0.7613E 02
ROPT( 3, 2)= 0.7312E 01 ROPT( 9, 9)= 0.1338E .03
ROPT( 3, 3)= 0.4126E 02

10 DVOPT= 0.53934E 01
4 DVOPT= 0.75625E 01 ROPT(10, 1)= 0.2197E 01

ROPT( 4, 1)= 0.2197E 01 ROPT(10s..2)=..0.2662E 01
ROPT( 4, 2)= 0.4522E 01 ROPT(10, 3)= 0.4057E 01
ROPT( 4. 3)= 0.1661E 02 ROPT(10, 4)= 0.6382E 01
ROPT( 4, 4)= 0.6265E 02 ROPT(iO, 5)= 0.1057E 02

ROPTIIO. 6)= O.1754E 02
5 DVOPT= 0.64795E 01 ROPT(IO, 7)= 0.2963E (..'

ROPT( 5, 1= 0.2197E 01 . .ROPT.1IO, 8)= 0.4963E 02
ROPT( 5, 2)= 0.3592E 01 ROPT(10, 9)= 0.8357E 02
ROPT( 5, 3)= 0.9637E 01 ROPT(10,10)= 0.1403E O:
ROPT( 59 4)z 0.2777E 02
ROPT( 5# 5)= 0.8125E 02 11 DVOPT=.0.53982E 01

ROPT(Ilt 1)= 0.2197E 01
6 DVOPT= 0.59439E 01 ROPT(IIs. 2)x 0.2662E 01

ROPT( 6, 1)= 0.2197E 01 ROPT{Il, 3)= 0.4057E 01
ROPT( 6, 2)= 0.3127E 01 .....R(PT(II, 4)u 0.6382E.01
ROPT( 6, 3)= 0.6847E 01 ROPT(II, 5)= 0.IOIOE 02
ROPT( 6, 4)= 0.1661E 02 ROPTIIl, 6)= 0.1568E 02
ROPT( 6, 5)=.0.4033E 02 ROPT(II, 7)= 0.2452E 02
ROPT( 6, 6)= 0.9752E 02 ROPTII., 8)= 0.3847E 02

ROPTIII, 9)= 0.6079E 02
7 DVOPT= 0.56655E 01 ...ROPT(KltO)= 0.9566E 02

ROPT( 7, 1)= 0.2197E 01 ROPT(11,11)= 0.1501E 03
ROPT( 7, 2)= 0.2662E 01
ROPT( 7, 31- 0.5452E 01 12 DVOPT= 0.54246E 01
ROPT( 7, 4)= 0.1150E 02 01.....ROPT(.Z, .)=..O2197E 01
ROPT( 79 5)= 0.2452E 02 ROPT(12, 2)= 0.2662E 01
ROPTI 7, 6)= 0.5242E 02 ROPT(12, 3)= 0.3592E 01
ROPT( 79 7)= 0.I1IOE 03 ROPT(12, 4)= 0.5452E 01

ROPT 12, 5)= 0.8242E 01
8 DVOPT= 0.54999E 01 ROPTI12, 6)= 0.1243E 02

ROPTI 8, 1)= 0.2197E 01 .ROPT112t 7)= 0.1894E 02
ROPT( 8, 2)= 0.2662E 01 ROPT(12, 8)= 0.2870E 02
ROPT( 8, 3)= 0.4522E O ROPT(12, 9)= 0.4358E 02
ROPT( 8, 41= 0.8707E 01 ROPT(12,10)= 0.6637E 02
ROPT( 8, 5)= 0.1661E 02 ROPT(1211)= 0.1012E 03
ROPT( 8, 6)= 0.3242E 02 ROPT112,12)= 0.1543E 03
R0PT( 8, 7)= 06311E 02
RUPT( 8, 8)= 0.1217E 03
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13 DVOPT= 0.54622E 01 15 .DVOPT= 0.55671E 01
- ROPT(13s 1)= 0.2197E 01 ROPT(15v 1)= 0.2197E 01

ROPT(13, 2)= 0.2662E 01 ROPT(15, 2)= 0.2662E 01
ROPT.(13o 3)= 0.3592E 01 ROPT (159 3)= 0.3592E 01
ROPT(139 4)= 0.4987E 01 ROPT(15 4)= 0.4987E 01
ROPT(13, 5)= 0.7312E 01 ROPT(15, 5)= 0.6847E 0
ROPT(13t 6)= 0.1057E 02 ROPT(15v 6)= 0.9637E 01
ROPT(13s 7)= 0.1568E 02 ROPT(15, 7)=, 0.1336E 02
ROPT(13, 8)= 02312E 02 ROPT(15, 8)= 0.1847E 02
ROPT(13# 9)= 0.3428E 02 ROPT(15, 9)= 0.2545E 02
ROPT(13tlO)= 0.5056E 02 ROPT(15,10)= 0.3521E 02
ROPT(13,11)= 0.7427E 02 ROPTtI5*11)= 0.4823E 02
ROPT(13t12)= 0.1091E 03 ROPT115#12)= 0.6637E 02
ROPT(133 13)= 0.1603E 03 ROPT(15,13)= 0.Y9O1E 02

ROPT(15,14)= 0.1250E 03
14 - DVOPT= 0.55105E 01 ROPT(15,15)= 0.1715E 01

ROPT(14, 1)= 0.2197E 01
ROPT(143 2)= 0.2662E 01
ROPT(149 3)= 0.3592E 01

....ROPT(14* 4)= 0.4987E 01
ROPT(14, 5)= 0.6847E 01
R.OPT(149 63= 0.9637E 01
ROPT(14, 7)= 0.1382E 02
ROPT(1, 8)= 0.1987E 02
ROPT(14, 9)= 0.2824E 02

..ROPT(14,101= 0.4033E 02
ROPT(14,11)= 0.5753E 02
ROPT(14,12)= O.8171E 02
ROPT(14,13)= 0.1161E 03
ROPT(14,14) = 0.1649E 03

..... TJME FROM PERI-APSIS IN MINUTES.

....LASS.J.N OO-A ..... MARS-C.LQSE-RETURN
10 CORRECTION STEPS
_. _. __ RANGE_ TIME DELTA-TIME
1 0,2197E 01 0.1781E 02 0.1781E 02
2 0*2662E 01 0.2285E 02 0.5039E 01
3 0,4057E 01 0.3770E 02 0.1485E 02
........ 0,6382E. 01 0.6262E 02 0.2492E 02
5 0.1057E 02 0.1084E 03 0.4581E 02

....- 6 0.1754E 02 0.1864E 03 0.7798E 02
7 0.2963E 02 0.3238E 03 0.1374E 03
..8 0..4963E 02 0.5536E 03 0.22S8E 03
9 0.8357E 02 0.9465E 03 0.3929E 03

..10.. 0.1403E. 03 0.1606E 04 0.6595E 03
0 0.2347E 03. 0.2706E 04 0.0
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(Outbound Error Analysis)
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GA/Phya/63-5 ,6

GRH OUTBOUND ERROR ANALYSIS

DIMENSION P1(20) ,RPER(5)#TITLE[12)
DO 1 J=lo16 .. .~.. .... .. .

READ INPUT TAPE 2,200,PIIJ)
200 FORMAT (EIO.0).........

4 1 PI(J)=O.0174533*PI (J)
COUNT=O.0

120 READ INPUT TAPE 2t201,(;,RINoRPLAN,W
201 FORMAT 14EIO.0).

DUAL =0.0
DEL V=W*29 .8

110 READ INPUT TAPE 2v222tVIN
222 FORMAT (EIO.0)

EO=( VIN*VIN)/2.O-G/RIN
VINF2=2.o*EU
RPER( 1)=2'.0.G/VINF2
COUNT=COUNT+1.0 -. .

IF(COUNT-8.0).2t2,3
2 RPER(2)=1.1*RPLAN ..

GO TO 4
3 RPER(2)=6690.0
4 AO=G/(2.0*EO)

DO 10 1=1,2 -. .-

READ INPUT TAPE 2*2021TITLE
202 FORMAT (12A6)...

ECCO=( RPER(1) /AO)+1.O
BO=AO*SQRTF( (ECCO.ECC.O)1-1.0)
VOPER=SQRTFIG.(2.O/RPER(I )+1.0/AO))
HOzVOPER*RPER( I)
SHETAO=HO/(R[N.VIN)
BETAO=ASIN(SBETAO)
CTHETA=( (( IHO*HO)/G)/RIN)-I.0)/ECCO
STHETA'=SQRTF( 1.0-(CTHETACTHETA).)
THETAO=ASIN( STHETA)
IFI CTHETA )20. 21,22

20 THETAO=3.14159265-THETAO
GO TO 22

21 TIETAO-1.57079633
22 FIO=1.57079633

WRITE OUTPUT TAPE 39301,TITLE
301 FORMAT (1H299X923HOUTBOUND ERROR ANALYSIS,/12A6#

1/13X,5HVOL/WIIX,5HVOC/WlIX,5HDELRL,11X,5HDELRC)
DO 5 J~ltl6
VOL=DELV*COSF(PI(J))
VOC=DELV*SINF(PI(J))
V VV= VOPER+ V L
FIuFIO+ATANF(VOC/VVV)
VOV=SQRTF (VVV*VVV.VOC*VOC)
ATRU=(G.RPER I) )I(RPER( I)*(VOV.VOV)-2.0.G)
HTRU=RPER( I )VOV*SINF(FI)
ETRU=G/(2.O.ATRU)
BTRU-SQRTF( (HrRU*HTRU)/12.0.ETRU))
..XCTRU=SQRTFC (BTRU*BTRU)/(ATRU*ATRU)+1.0)
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VzSQRTF(G*(2o0/RIN+1.O/ATRU))

BETA=ASINI SBETA)
(JBETA=BETAO-B ETA

-.. COftEGA:tL (MttJ~ 9GIPRLl)1O/ R 4
CTHETA-((C((HTRU*HTRU)/G)/RIN)-t.0)/ECTRU
SON.EGA=SQRTE..OM1 iAClE~. .0-
STHETA=SQRTF( 1.0-(CTHETA*CTHETA))
OMEGA=.ASINtSO14EGAl_.._.......- -

THETA=ASIN(STHETA)
IF(CTJETA)11.11 . ...........

11 THETA-3.14159265-THETA
GO TO 13

12 THETA-1.57079633
13 IF(VOC)6*7.8...........
6 DTHETA=THETAO-OMEGA-THETA

ANGLE=O8ETA+DTHETk.-.. - -**......

GO TO 9
7 DTHETA=THETAO-THETA

ANG E=DBE TA DTHE TA
GOTM9

8 OTHETA=THETAOe'OMEGA-THETA
.ANGLE=DBETAI-THE.TA..................

9 VOLL=V*COSF(ANGLE)-VIN
VOCC=V*SINFIANGL-EI .. .. .

DELRL=(RIN.ICOSF(DTHETA)-l.O) )/RPLAN
DELRC =AR I NiS INF. LT.HE TA1)RP LAN - . .

VOCCN=VOCC/DELV
VOLLN~VLL/OEl.... ...-

5 WRITE OUTPUT TAPE 39302,VOLLNVOCCN,DELRLDELRC
302 FORMAT. .(10XsE11..4s.35X,.El1..4)----------
70 CONTINUE

DUAL-DUAL4.. ... ....--. .~.......

IF(DUAL-4.0110, 120,120
END( It *00 D off s0.a.*.0.s0jLs.0a... .........
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oUTBOUNO ERROR ANALYSIS

CLASS BI--I/2,1--H VENUS-OPt-RETURN
VOL/W VOC/W DELRL DELRC

0.1344E 01 0.6834E 00 -0.6664E-02 0.1476E 01
0.1161F 0I 0.1087E O -0.1891E-01 0.2486E 01
0.9473l C 0.1133E 01 -0.2327E-01 0.27591 01
0.6701E 00 0.1199E 01 -0.2478E-01 0.2346E 01
O.1802E-03 0.9378E 00 -0.1831E-01 0.2447C 01

-0.6746E 00 0.509BE 00 -0.5759E-02 0.1372E 01
-0.956?E 00 0.20)2E-00 -0.1345E-02 0.6628E 00
-0.1175E 01 -0.1052E-00 -0.2923E-04 -0.9669E-01
-0.1364F 01, -0.7035E O0 -0.7803E-02 -0.1597E 01
-0.1184E 01 -0.1081 01 -0.2038E-01 -0.2591E 01
-0.9672E 00 -0.1132E 01. -0.2463E-01 -C.28391 01
-0.6836E 00 -0.1195E 01 -0.2570E-01 -0.2898F 01
0.26102-03 -0.9825E 00 -0.1819E-01 -0.2438E 01
0.6789E 00 -0.5095E 00 -0.5541E-02 -0.1346E 01
0.9574E 00 -0.21231-00 -0.1301[-02 -0.6519F 00
0.1169E 01 0.9921E-01 -0.2070E-04 0.8047E-01

OUTBOUND ERROR ANALYSIS

CLASS 8I--1/2,1--H VENUS-CLOSE-RETURN
VOL/W VOC/W DELRL DELRC

0.3545E 01 0.1846E 01 -0.5270E-01 0.4150E 01
0.3078E 01 0.1863E 01 -0.5512E-01 0.4245E 01
0.2525E O 0.1675E 01 -0.4558E-01 0.3860C 01
0.1798E Ol 0.1372E 01 -0.3155E-01 0.3211E 01
0.5531E-C2 0.5160E 00 -0.5003E-02 0.12795 01

-0.1849E 01 -0.4633E-00 -0.3532E-02 -0.1074E 01
-0.2639E 01 -0.9138E 00 -0.1487E-01 -0.2205E O
-0.3254E 01 -0.1298E 01 -0.3119E-01 -0.3193E 01
-0.3785E n1 -0.1g10Oc 01 -0.6299E-01 -0.4534C 01

-0.3266E 01 -0.1793E 01 -0.6146E-01 -0.4482E 01
-0.26532 01 -0.1617E 01 -0.4944E-01 -0.4020C 01
-0.1862E 01 -0.1331E 01 -0.3305E-01 -0.3287E 01
0.5593E-02 -0.50861 00 -0.4867E-02 -0.1261E 01
0.181CE 01 0.4648E-00 -0.3196E-02 0.1022C 01
0.2539E 01 0.9279E 00 -0.1320E-01 0.2077E 01
0.3090E 01 0.1329E 01 -0.2717E-01 0.2980E 01

251



GA/PhYs/636,6

OUTBOUND ERROR ANALYSIS

CLASS EX---O,O---A VENUS-OPT-RETURN
VOL/w VOC/W DELRL DELRC

O.1401E 01 0.6698E 00 -0.L230E-02 0.6339E 00
0.1212E 01 0.1058E 01 -0.3130E-02 O.tOIlE O
-0.9896E 00 0.1149E 01 -0.3716E-02 0.1102E 01
0.7000E 00 0.1159E 01 -0.3816E-02 O.1L17E 01
0.2738E-03 0.9507E 00 -0.2617E-02 0.9248E 00

-0.7017E 00 0.4877E-00 -0.7137E-03 0.4826E-00
-0.9936E 00 0.1969[-00 -0.1254E-03 0.20L6E-00
-0.1218E 01 -0.1057E-00 -0.2679E-04 -0.9271E-01
-0.1409E 01 -0.7071E 00 -0.1420E-02 -0.6811E 00
-0.1222E 01 -0.1057E 01 -0.3216E-02 -0.1025E 01
-0.9974E 00 -0.1146E 01 -0.3785E-02 -0.1.12E 01-0.7050E 00 -0.1157E 01 -0.3867E-02 -O.LL24E ul
0.2894E-03 -0.9488E 00 -0.2607E-02 -0.9231E 00
0.7033E 00 -0.4875E-00 -0.7015E-03 -0.4735E-00
0.9934E 00 -0.1990E-00 -0.L242E-03 -0.2012E-00
0.1215E 01 0.1026E-00 -0.2436E-04 0.8841E-01

OUTBOUND ERROR ANALYSIS

CLASS EX---OO-,--A VENUS-CLOSE-RETURN
VOL/W VOC/W DELRL DELRC

0.1696E 01 0.992LE 00 -0.2722E-02 0.9431E 00
0.1468E 01 0*130LE 01 -0.4736E-02 0.L244E O
0°1199E 01 0.1324E 01 -0.4937E-02 O.1270E 01
0.8486E 00 0.1259E 01 -0.4496E-02 0.L212E C1
0.6653E-03 0.8780E 00 -0.2232E-02 0.854LE 00

-0.8519E 00 0.2645E-00 -0.2156E-03 0.2649E-00
-O.t207E O -0.8L46E-O0 -0.1583E-04 -0.7091E-01
-O.1481E OL -0.4194E-00 -0.4920E-03 -0.4007E-00
-0.1714E 01 -0.1042E 01 -0.3131E-02 -O.OI2E 01
-0.1485E 01 -0.1298E 01 -0.4881E-02 -0.1263E 01-O.L2L2E 01 -0.1321E 01 -0.5054E-02 -0.1285E 01
-0.8564E 00 -0.1255E 01 -0.4560E-02 -0.122LE 01
0.6809E-03 -0.8759E 00 -0.2223E-02 -0.852lE 00
0.8531E 00 -0.2649E-00 -O.2119E-03 -0.2626E-00
0.1204E 0L 0.7867E-01 -0.1461E-04 0.6724E-O
0.1473E 01 0.4177E-00 -0.4713E-03 0.3921E-00

252



GA/PhYs/63-6 ,6

OUTBOUND ERAOR ANALYSIS

CLASS EX---G,O---C VE.'iUS-CLOSE-RETU,N
VCL/W VOC/W DELRL )ELRC

0.1242E 01 0.4324E-0*J -0.1522E-03 0.2222E-00
0.1075E 01 0.8734E 00 -0.6199E-03 0.4497E-O0
0.8778E 00 0.1004E 01 -0.8257E-03 0.5114E 00
0.6208E CC 0.1065E O -0.1341[-03 0.5523C CO
0.3688E-04 0.9825E 00 -O.OOIE-03 0.5112E 00

-0.6213E 00 0.6352C 00 -0.3386E-03 0.3321E-00
-0.8789E 00 0.3874E-00 -0.1279E-03 0.2035E-00
-0.1077E 01 0.1137;-00 -0.1340C-04 0.6363.-01
-0.1244E 01 -0.5098E 00 -0.2143E-03 -0.2644E-00
-0.1078E 01 -0.V720E 00 -0.6309E-03 -0.4536E-00
-0.8803E 00 -0.99987 00 -0.3294E-03 -0.5203E 00
-0.6224E OC -0.1061E 01 -O.9475E-03 -0.5562C 00
0.4539E-04 -0.9626E 00 -0.30OIE-03 -0.51133 00
0.6219E 00 -0.6323E 00 -0.3325E-03 -0.3293E-00
0.8792E 00 -0.3936E-00 -0.1303E-03 -0.2056F-00
0.1076E 01 -0.1212E-00 -0.1340E-04 -0.6448E-01

253



GA/PhYs/63-5,6

OUTBOUN) FRROR ANALYSIS

CLASS EX---O,0---D VENUS-OPT-IETURN
VGL/W VOC/W DELRL DCLRC

0.1374F 01 0.6773E 00 -0.3946E-02 0.1136C 01
0.1183F 1 0.1011C 01 -0.1051E-01 0.1853r 01
0.9700E 00 0.1164L 01 -0.1270E-01 0.2037C 01
0.6862E 00 0.1177C 01 -0.1328E-01 0.2083E 01
0.3518E-03 0.9669E 00 -0.9435E-02 0.1756C 01

-0.6895E 00 0.49602-00 -0.2745E-02 0.9472E 00
-0.9772C 00 0.2008E-00 -0.5529E-03 0.4247r-00
-0.1199E 'L ' -0.1077E-00 -0.5237E-04 -0.1293E-00
-0.1390E 0L -0.7060E 00 -0.4576E-02 -0.1223E 01
-0.1206E 01 -0.1072E 01 -0.1ilOE-01 -0.1905E 01
-0.9846E 00 -0.1162E 01 -0.1322E-01 -0.2079[ 01
-0.6958E 00 -0.1174E 01 -0.1363E-01 -0.2111E 01
0.3965E-03 -0.9631E 00 -0.9375E-02 -0.1751C 01
0.6925E 00 -0.4959E-00 -0.2666E-02 -0.9334E CO
0.9772E 00 -0.2030E-00 -0.5395E-03 -0.41962-GO
O.l194E 01 0.1037E-00 -0.4384E-04 0.1193E-00

OUTBOUND ERRORl ANALYSIS

CLASS EX--- OO---() VENUS-CLOSE-RETURN
VOL/W VOC/W DELRL DELRC

0.2716E 01 0.1602E 01 -0.2309E-01 0.2747E 01
0.2354E 01 0.1716E 01 -0.2700E-01 0.2971E 01
0.1927E 01 Q.1595E 01 -0'.2365E-01 0.2780c 01
0.1368E 01 0.1364E O -0.1762E-01 0.2400E 01
0.3217E-02 0.6460E 03 -0.4214E-02 0.11742 01

-0.1389E 01 -0.2381E-00 -0.4847E-03 -0.3980E-CO
-0.1975E 01 -0.6672E 00 -0.4261E-02 -0.11802 O
-0.2429E 01 -0.1050E 01 -0.1089E-O1 -0.1887[ O
-0.2819E 01 -O.16O8E 01 -0.2627E-01 -0.2931F 01
-0.2439E 01 -0.1684E 01 -0.2887E-01 -0.3072C 01
-0.1986 01 -0.1567E 01 -0.2488E-01 -0.2852E 01
-0.1398E 01 -0.1342E 01 -0.1813E-01 -0.2435E 01
0.3257E-02 -0.6404E 00 -0.4143E-02 -0.1164E 01
0.1378E 01 0.2373E-00 -0.4530E-03 0.3847E-00
0.19382 01 0.6698E 00 -0.3945E-02 0.1135L O
0.2364E 01 0.1053E 01 -0.9961E-02 0.1804C 01



GA/Fhys/63-6,6

OUTBOUND ERROR ANALYSIS

CLASS BI--1/2,1--H MARS-OPT-RETURN
VOL/W VOC/W DELRL DELRC

0.1395E 01 0.6676E 00 -0.1665E-01 0.3270E 01
0.1205E 01 0.t055E 01 -0.4245E-01 0.5221E 01
0.9841E 00 0.1146E 01 -0.5070E-01 0.5706E O
0.6965E 00 0.1159E 01 -0.5253E-01 0.5808E 01
0.7561E-03 0.9508E 00 -0.3647E-01 0.4839E 01

-0.7009E 00 0.4860E-00 -0.9971E-02 0.2530E 01
-0.9945E 00 0.1950E-00 -0.1718E-02 0.1050[ 01
-0.1222E 01 -0.1090E-00 -0.4162E-03 -0.5153E 00
-0.1418E 01 -0.6914E 00 -0.1954E-01 -0.3542E 01
-0.1231E 01 -0.1055E 01 -0.4584E-01 -0.5425E 01
-0.1005E 01 -0.1143E 01 -0.5368E-01 -0.5871E 01
-0.7097E 00 -0.1154E 01 -0.5442E-01 -0.5911E 01
0.8348E-03 -0.9458E 00 -0.3611E-01 -0.48L5E 01
0.7052E 00 -0.4864E-00 -0.9559E-02 -0.2477E 01
0.9941E 00 -O.t95E-0O -0.1670E-02 -0.1034E Cl
0.1214E 01 0.1032E-00 -0.3421E-03 0.4674E-00

OUTBOUND ERROR ANALYSIS

CLASS BI--1/2,1--H MARS-CLOSE-RETURW
VOL/W VOC/W OELRL IDELRC

0.2035E 01 0.1263E 01 -0.5930E-01 0.617LE 01
0.0/601 01 0.1492E 01 -0.83B9E-01 0.7339E 01
0.1440E 01 0.1455E 01 -0.8075E-01 0.7200E 01
0.1022E 01 0.1318E 01 -0.6731E-01 0.6574E 01
0.2985E-02 0.78S9E 00 -0.2511E-01 0.4016E 01

-0.1037E 01 0.4944E-01 -0.1292E-03 0.2851E-00
-0.1475E 01 -0.3364E-00 -0.4564E-02 -0.1712E 01
-0.1817E 01 -0.6973E 00 -0.2022E-01 -0.3603E 01
-0.2112E 01 -0.1271C 01 -0.6854E-01 -0.6634E 01
-0.1930E 01 -0.1472E 01 -0.9147E-01 -0.7663E 01
-0.1491E 01 -0.1434E 01 -0.8605E-01 -0.7433E 01
-0.1050E 01 -0.1299E 01 -0.6982E-01 -0.6695E 01
0.3087E-02 -0.7809E 00 -0.2461E-01 -0.3976E 01
0.1035E 01 -0.5134E-01 -0.1316E-03 -0.2879E-00
0.1455E 01 0.3330E-00 -0.4076E-02 0.1618E 01
0.1774E 01 0.6960E 00 -0.1798E-01 0.3398E 01

255



G/PhYs/63-5,6

OUTBOUND ERROR ANALYSIS

CLASS IN---0,0---A MARS-CLOSE-RETURN
VOL/W VnC/W DELRL DELRC

0.1222E 01 0.39J3E-00 -0.9497E-03 0.7806E 00
0.1057E 01 0.8374E 00 -0.4206L-02 0.1643C 01
0.8631E 00 0.9777E 00 -0.5751E-02 0.1921E 01
0.6103E 00 O.1050E 01 -0.6660E-02 0.2068E 01
0.9788E-04 0 O.9921E 00 -0.5880E-02 0.1943E 01

-0.6112C 00 0.b4qBE 00 -0.2600E-02 0.1292E 01
-0.8650E 00 0.4106E-00 -O.1045E-02 0.8189E 00
-O.1060E 01 0.1442E-00 -0.1316E-03 0.2900E-00
-0.1226E 01 -0.4451E-00 -0.1218E-02 -O.8837E 00
-0.1062E 01 -0.8388E 00 -0.4330E-C2 -0.1667E 01
-0.8674E 00 -0.9768E 00 -0.5863E-02 -0.1940E 01
-0.6133E 00 -0.1050E 01 -0.6753E-02 -0.2082E 01
0.1064E-03 -0.9813E 00 -0.5871E-02 -0.1941E 01
0.6124E 00 -0.6495E 00 -0.2560E-02 -0.1282E OL
0.8655E 00 -0.4123E-00 -0.1033E-02 -0.8L37E 00
0.1059E O -0.1453E-00 -0.1316E-03 -0.2884E-00

20



-A/Phys/63-5,6

OUTBOUND ERROR ANALYSIS

CLASS IN---O,O---B MARS-CLOSE-RETURN
VOL/W VOC/W OELRL DELRC

0.1109E 01 0.2074E-00 -0.1220E-03 0.2772E-00
0.9600E 00 0.6795E 00 -0.1294E-02 0.9112E 00
0.7838E 00 0.8537E 00 -0.2048E-02 0.1146E 01
0.5542E 00 0.9667E 00 -0.2631E-02 0.1299E 01
0.5674E-05 0.9966E 00 -0.2811E-02 0.1343E 01

-0.5545E 00 0.7533E 00 -0.1639E-02 0.1025E 01
-0.7843E 00 0.5582E 00 -0.3899E-03 0.7556E 00
-0.9609E OC 0.3215E-00 -0.2966E-03 0.4360E-00
-0.1110C 01 -0.2092E-00 -0.t244E-03 -0.2808E-00
-0.9616E 00 -0.6802E 00 -0.1318E-02 -0.9195E 00
-0.78522 00 -0.8523E 00 -0.2067E-02 -0.1152E 01
-0.5552E 00 -0.9679E 00 -0.2663E-02 -0.1307E 01
0.1135E-04 -0.9954E 00 -0.2804E-02 -0.1342E 01
0.5549E 00 -0.7588E 00 -0.1624E-02 -0.1021E 01
0.7846E 00 -0.5588E 00 -0.8803E-03 -0.7515E 00
0.9607E 00 -0.3201E-00 -0.2395E-03 -0.4306E-00

2"7



GA/Phys/63-5 ,6

OUTBOUND ERROR ANALYSIS

CLASS I N---0O --- C MARS-CLOSE-RETURN
VUL/W VOC/W IJELRL DELRC

O.1035E 01 0.6915E-01 -0.4784E-05 0.5152E-01

0.8962E 00 0.5679E 00 -0.2823E-03 0.4246E-00

0.7318E 00 0.7653E 00 -0.5119E-03 0.5725E 00

0.5174E 00 0.9076E 00 -0.7201E-03 0.6793E 00

-0.3405E-04 0.1006C 01 -0.8875E-03 0.7540E 00

-0.5175E 00 0.8395E 00 -0.6196E-03 0.6300E 00

-0.7319E 00 0.6631E 00 -0.3875E-03 0.49801-00
-0.8964E 00 0.4540E-00 -0.1818E-03 0.3412E-00

-0.1035E 01 -0.1596E-00 -0.2392E-04 -0.1197E-00
-0.8966E '00 -0.5659E 00 -0.2823E-03 -0.4249E-00

-0.7321E 00 -0.7608E 00 -0.5095E-03 -0.5711E 00

-0.5177E 00 -0.9069E 00 -0.7225E-03 -0.6805E 00

-0.2837E-04 -0.1304E 01 -0.8851E-03 -0.7528E 00

0.5176E 00 -0.8393E 00 -0.6L48E-03 -0.6277E 00

0,7319E 00 -0.6635E 00 -0.3852E-03 -0.4966E-00

0.8964E 00 -0.4432E-00 -0.1770E-03 -0.3354E-00

256



GA/PhYs/63-5,6

OUTBOUNI) ERROR ANALYSIS

CLASS BI--1/2,--H VENUS-OPT
VOL/W VOC/W DELRL DELRC

0.1343E 01 0.6830E 00 -0.1143E-01 0.2316E 01
O.1l60E 01 0.1036r 01 -0.3243E-01 0.3901E 01
0.9466E 00 0.1133E 01 -0.3996E-01 0.4331E 01
0.6696E 00 0.1198E Ol -0.4256E-01 0.4470E 01
0.2007E-03 0.9876E 00 -0.3150E-01 0.3845E 01

-0.6746E 00 0.50)6E 00 -0.9915E-02 0.2157E 01
-0.9571E 00 ' 0.2091E-00 -0.2313E-02 O.L042E 01
-0.1[76E 01 -0.1054E-00 -0.5246E-04 -0.1544E-00
-0.1365[ 01 -0.7087E 00 -0.1351E-01 -0.2518E 01
-0.11!i6E 01 -0.1089E 01 -0.3521E-01 -0.4065E 01
-0.9685E 00 -0.1182E 01 -0.4252E-01 -0.4467E 01
-0.6844E 00 -0.1194E 01 -0.4430E-01 -0.4560E 01
0.2936E-03 -0.q82E 00 -0.3128E-01 -0.3832E 01
0.67931 90 -0.5093E 00 -0.9505E-02 -0.2112E 01
0.9577E CC -0.2125E-00 -0.2229E-02 -0.1023E t.,!
0.1169E 01 0.9922E-01 -0.3672E-04 0.1279E-00

OUTBOUND ERROR ANALYSIS

CLASS Bl--1/2,1--H VENUS-CLOSE
VCL/W VOC/W OELRL DELRC

0.4249E 01 0.1942E 01 -0.9783E-01 0.6776E 01
0.3694E 01 0.1907E 01 -0.968BE-01 0.6743E 01
0.3035E 01 0.1686C 01 -0.7776E-01 0.6041E 01
0.2165E 01 0.1349E 01 -0.5161E-01 0.4921E 01
0.6678E-02 0.4359E-00 -0.6145E-02 0.1698E 01

-0.2247E 01 -0.5693[ 00 -0.9705E-02 -0.2134E 01
-0.3213E 01 -0.1020E 01 -0.3324E-01 -0.3950E 01
-0.3968E 01 -0.13)5E 01 -0.6465E-01 -0.5503C 01
-0.4620E 01 -0.1864E 01 -0.1198E-00 -0.7499C 01
-0.3980E 01 -0.1805E 01 -0.1110E-00 -0.7219C 01
-0.3226E 01 -0,1604E 01 -0.8611E-01 -0.6357E 01
-0.2259E 01 -0.1295E 01 -0.5483E-01 -0.5073C OL
0.6743E-02 -0.4291E-00 -0.5966E-02 -0.1673E 01
0.2177E O 0.5761E 00 -0.9635E-02 0.2013E O
0.3049E 01 0.1047C Ot -0.2969E-01 0.3670E 01
0.3706E 01 0.1449E 01 -0.5462E-01 0.5063L 01

29



-A/PhYs/63-5,6

OUTBOUND RGl ANALYSIS

CLASS EX---O,0---A VENUS-OPT
VOL/W VOC/W OELRL DELRC

0.1397E 01 0.6706E 00 -0.2686E-02 0.1123E 01
0.120 9 1: 01 O.1OljE O1 -0.6870E-02 0.1796E 01
0.9869C 00 0.11491 01 -0.3161E-02 0.1957E 01
0.6982 00 0.1161E 01 -0.8421E-02 0.1998E 01
0.3319E-03 0.9525E 00 -0.5807E-02 0.1651E 01

-0.7003F 00 0.4834E-00 -0.1595E-02 0.8648E 00
-0.9918E 00 0 0.1976E-00 -0.2850E-03 0.3651£-C0
-0.1216E 01 -0.1069E-00 -0.5770E-04 -0.1623E-00
-0.140E 01 -0.70'93E 00 -0.3144E-02 -0.1214; 01
-0.1221E 01 -0.1059E 01 -0.7112E-02 -0.1827E 01
-0.9966E 00 -0.114SE 01 -0.8392E-02 -0.1984C 01
-0.7044E 00 -0.1159E 01 -0.8568E-02 -0.2005E 01
0.3532E-03 -0.9502E 00 -0.5779E-02 -O.L647E 01
0o1022E 00 -0.4832E-00 -0.1562E-02 -0.3557E 00
0.9916C 00 -0.1989E-00 -0.2798E-03 -0.3619E-C,;
0.1213E 01 0.1039E-00 -0.5246E-04 0.1544E-00

OUTBOUND ER:ROR ANALYSIS

CLASS EX---00---A VENUS-CLOSE
VCL/W VOC/W DELRL DELRC

0.21411 O 0.1317E 01 -0.1050E-01 0.2220c 01
0.1853E 01 0.1530E 01 -0.1431E-01 0.2591E 01
0.1515E 01 0..478F 01 -0.1346E-01 0.2514E 01
0.1073E 01 0.1325E 01 -0.1093E-01 0.2265E 01
0.1488E-02 0.7678C 00 -0.3773E-02 0.1331E 01

-O.1081E 01 0.5711E-02 -0.1749E-05 0.2433E-01
-0.1533E Ct -0.3865E-00 -0.9215E-03" -0.6571[ 00
-0.1883E 01 -0.7530E 00 -0.3592E-02 -0.129SE 01
-0.2181E O -0.135TE 01 -0.1189E-nL -0.2362E 01
-0.1899E 01 -0.1517E 01 -0.1487E-01 -0.2641E 01
-0.1541E 01 -0.146SE 01 -o.1388E-01 -0.2552E o1
-0.1087E 01 -0.1316E 01 -0.1112E-01 -0.2285E 01
0.1511E-02 -0.7641E 03 -0.3739E-02 -0.1324E 01
0.1080E 01 -0.6737E-02 -0.1749E-C5 -0.256SE-01
0.1522E 01 0.3350E-00 -0.8743E-03 0.6400C 00
0.1860E 01 0.7519E 00 -0.3391E-02 0.1261E 01

960



GA/Phya/63-5,6

OUTBOUND !RROR A'ALYSIS

CLASS EX---O,O---C VENIJS-OPT
VCL/W VOC/W OELRL PFLRC

0.1400C 01 0.6699E 00 -0.2278E-02 0.10341 01

0.1211E 01 0.1057E 01 -0.5797E-02 0.1649E 01.

0.9886E 03 0.1148E 01 -0.6897E-02 0.1799E 01

0.6994C 00 0.1160E 01 -0.7098E-02 0.1925E 01

0.3092E-03 0.9518E 00 -0.4884E-02 0.1514E 01

-0.013E C0 0.4871E-00 -0.1329E-02 0.7893E 00

-0.9931E 00 0.1970E-00 -0.2343E-03 0.3309E-00

-0.1218E 01 -0.1058C-00 -0.5071E-04 -0.1506E-00

-0.1409E 01 -0.7160C 00 -0.2710E-02 -0.1128E 01

-0.1222E 01 -0.1057E 01 -0.5987E-02 -0.1676E 01

-0.9975E 00 -0.1146E 01 -0.7057E-02 -0.1820E 01

-0.7050E 00 -0.1158E o -0.7208E-02 -0.1839E 01

0.3319E-03 -0.9492E 00 -0.4858E-02 -0.1510E 01

0.7031E 00 -0.437SE-00 -0.1308E-02 -0.7830E 00

0.9929F 00 -0.2001E-00 -0.2361E-03 -0.3315E-10

0.12t5E 01 O.103qE-00 -0.4546E-04 0.1452E-00

OUTBOUND ERROR ANALYSIS

CLASS rx---Oo---C VENUS-CLOSC
VOL/W VOC/W DELRL DELR

0.2007E 01 0.1233E 01 -0.7797E-02 0.1913E 01

0.17371 01 0.1471E 01 -0.1121E-O 0.2294E 01

0.1419E 01 0.144E 01 -0.1083E-01 0.2254E 01

0.1005E 01 0.13tlE 01 -0.9039E-02 0.2060E 01

0.1192E-02 0.8003C 00 -0.3453E-02 0.1273E 01

-0.10111 01 0.7564E-01 -0.3847E-04 0.1322E-00

-0.1434E 01 -0.3063E-00 -0.4844E-03 -0.4762E-00

-0.1760E 01 -0.6650E 00 -0.2355E-02 -0.1051E 01

-0.2038E 01 -0.1265E 01 -0.3675E-02 -0.2018E 01

-0.1766E 01 -0.1464E 0l -0.L164E-O -0.2337E 01

-0.1441E 01 .-0.1432E 01 -0.1111E-O -0.2284E 01

-0.1017E 01 -0.1304E 01 -0.9194E-02 -0.2077E 01

0.1224E-02 -0.7960E 00 -0.3417E-02 -0.1266E 01

0.1011 01 -0.7618E-01 -0.3847E-04 -0.13"13E-00

0.1426E O 0.3044E-00 -0.4599E-03 0.4641E-00

0.1743E 01 0.6644E 00 -0.2243E-02 0.1026E 01
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]UTBOUND ERROR A.ALYSIS

CLASS EX---O,O---D VENUS-OPT
VOL/W VOC/W DELRL DELRC

O.1401E 01 0.6616E 00 -0.2081E-02 0.9831E 00

0.1212F 01 0.1057E 01 -0.5284E-02 0.1575[ 01

0.1895E 00 0.1143 01 -0.6281E-02 0.1717E 01

0.6999C 30 0.1160L 01 -0.6470E-02 0.1743L 01

0.2936E-13 O.951E 00 -0.4436E-02 0.1443E 01

-0.70181 00 0.4378E-00 -0.1200E-02 0.7528E 00

-0.9938[ 00 0.1170E-00 -0.2116E-03 0.3142L-00

-0.1219E 01 -0.1356E-00 -0.4546E-04 -0.14491-00
-0.1410E 01 -0.7213E 00 -0.251LE-02 -0.1035E 01
-0.1222E 01 -0.1059E 01 -0.5459E-02 -0.1601E 01
-0.9979E 00 -0.1146E 01 -0.6419E-02 -0.1736E 01

-0.70531 00 -0.1157L 01 -0.6557E-02 -0.1754E 01
0.3107E-03 -0.9412E O0 -0.4420E-02 -0.144)E 01
0.7035E 00 -0.4334E-00 -0.119LE-02 -0.747LE O0

0.9936E 00 -0.19)OL-00 -0.2116E-03 -0.3134E-f0

0.1215L 01 0.1037E-00 -0.4372E-04 0.1399E-00

OUTBOUNO ER.IOR ANALYSIS

CLASS EX---O,O---0 VEN.US-CLOSE
VOL/W VOC/W DELRL DELRC

0.1939E 01 0.115- 01 -0.6580E-02 0.1757F 01
0.1678E 01 0.1439E 01 -0.9797E-02 0.2143E 01

0.1371E 01 0.1413E 01 -0.9568E-02 O.2L9E 01
0.9707E 00 0.t302E 01 -0.8*131E-02 0.1953E 01
0.1048E-02 0.8175E 00 -0.3279E-02 0.1240F 01

-0.9760L 00 0.1142E-00 -0.7344E-C4 0.1840E-00
-0.1384E 01 -0.2607E-00 -0.3182E-03 -0.3854F-00
-O.699E 01 -0.61471 00 -0.1829E-02 -0.926LE 00
-O.1966E 01 -0.1239E 01 -0.7566E-02 -0.1884L 01
-0.1703C 01 -0.1434L 01 -0.1015E-01 -0.2183E 01

-0,1390E 11 -O.1411E 01 -0.9820E-02 -0.2147E 01

-0.9814F 00 -0.1216E 01 -0.8259E-02 -0.1969L 01

0.1074E-02 -0.8133E 00 -0.3245E-02 -0.1234C Cl
0.9761E 00 -0.1150E-O0 -0.716qE-04 -0.102SE-00
O.L377E 01 0.2533E-00 -0.3008E-03 0.3751L-00
0.1683E 01 0.614TE 00 -0.1750E-02 0.9062E 00
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OUTBOUND ERROR ANALYSIS

CLASS BI--1/291--H MARS-OPT
VOL/W VOC/W DELRL DELRC

0.1361E 01 0.6300E 00 -0.8893E-02 0.2043E 01
0.1176E 01 0.1078E 01 -0.2434E-01 0.3380E 01
0.9596E 00 0.1172E 01 -0.2965E-01 0.3731E 01
0.6789E 0 0.|1861 01 -0.3127E-01 0.38311 01
0.3348E-03 0.9757E 00 -0.2263E-01 0,3259E 01

-0.6831E 00 0.5014E 00 -0.6818E-02 0.1789E 01
-0.9687E 00 0.2038E-00 -0.1464E-02 0.3285E 00
-Ol90E 01 -0.1077E-00 -0.8218E-04 -0.1957E-00
-O.1380E 0.1 -0.7069E 00 -0.1043E-01 -0.2212E O
-0.1198E 01 -0.1079E 01 -0.2610E-01 -0.3500E 01
-0.9783E 00 -0.1lTlE 01 -0.3126E-01 -0.3830F 01
-0.6913E 00 -0.1183E 01 -0.3234E-01 -0.3896E 01
0.4043E-03 -0.9709E 00 -0.2247E-01 -0.3247E 01
0.6870E 00 -0.5014E 00 -0.6571E-02 -0.1756E 01
0.9690E 00 -0.2068E-00 -0.1420E-02 -0.8161E '0
0.1184E 01 0.1020E-00 -0.6470E-04 0,1723E-00

OUTBOUND ERROR ANALYSIS

CLASS BI--1/2,1--H MARS-CLOSE
VOL/W VOC/W DELRL DELRC

0.3712E 01 0.1844E 01 -0.6834E-01 0.5663E 01
0.3223E 01 0.1851E 01 -0.7040E-01 0.5748E 01
0.2644E 01 0.1658E 01 -0.5768E-01 0.5203E 01
0.1882E 01 0.1352E 01 -0.3945E-01 0.4303E 01
0.5354E-02 0.494SE-00 -0.5826E-02 0.1653E 01

-0.1935E 01 -0.4781E-00 -0.5036E-02 -0.1537E 01
-0.2759E 01 -0.9249E 00 -0.2002E-01 -0.3065E 01
-0.3402E 01 -0.1305E 01 -0.411OE-01 -0.43922 01
-0.3954E 01 -0.1719E 01 -0.8051E-01 -0.6147E 01
-0.3413E 01 -0.1778E 01 -0.7816E-01 -0.6056E 01
-0.2772E 01 -0.1599E 01 -0.624LE-01 -0.5412E 01
-0.1946E 01 -0.1312E 01 -0.4130E-01 -0.4403E O
0.5407E-02 -0.4886E-00 -0.5686E-02 -0.1634E 01
0.L893E 01 0.4813E-00 -0.4595E-02 0.1468E 01
0.2657E 01 0.9405E 00 -0.1782E-01 0.2892E 01
0.3234E 01 0.1338E 01 -0.3597E-01 0.4109E 01
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OUTBOUND ERROR ANALYSIS

CLASS IN---0,0---A MARS-OPT
VOL/W VOC/W DELRL DELRC

0.1406E 01 0.6680E 00 -0.1082E-02 0.7124E 00
0.1217E 01 0.1056E 01 -0.2730E-02 0.1132E 01
0.9938E 00 0.1146E 01 -0.3230E-02 0.1231E 01
0.7029E 00 0.1158E 01 -0.3315E-02 0.1247E 01
0.2128E-03 O.q438E 00 -0.2254E-02 0.1028E 01

-0.7042E 00 0.4854E-00 -0.6015E-03 0.5312E 00
-0.9969E 00 0.1985E-03 -0.1049E-03 0.2211E-00
-0.1222E 01 -0.1042E-00 -0.2623E-04 -0.1075E-00
-O.1413E 01 -0.7339E 00 -0.1343E-02 -0.7935E 00
-0.1225E 01 -0.1056E 01 -0.2791E-02 -0.1144E 01
-0.9998E 00 -0.144E 01 -0.3282E-02 -0.1241E 01
-0.7068E 00 -0.1153E O -0.3333E-02 -0.1251E 01
0.2298E-03 -0.9462E 00 -0.2242E-02 -0.1025E 01
0.7054E 00 -0.4833E-00 -0.6015E-03 -0.5310E 00
0.9967E 00 -0.2001E-00 -0.1049E-03 -0.220?E-C0
0.1220E 01 O.O17E-O0 -0.2448E-34 0.1036E-00

OUTBOUND ERROR ANALYSIS

CLASS IN---0,0---A MARS-CLOSE
VOL/W VOC/W DELRL DELRC

0.1555E 01 0.8426E 00 -0.1726E-02 0.8997E 00
0.1346E 01 O.1I92E 01 -0.3476E-02 0.1277E 01
0.1099E 01 0.1244E 01 -0.3805E-02 0.1336E 01
0.7776E 00 0.12L3E 01 -0.3637E-02 0.1307E 01
0.3631E-03 0.9136E 00 -0.2090E-02 0.9900E 00

-0.7795E 00 0.3692E-00 -0.3515E-03 0.4050E-00
-0.1104E 01 0.4984E-01 -0.8743E-05 0.5924E-01
-0.1353E 01 -0.2154E-00 -O.1854E-03 -0.2942E-00
-0.1565E 01 -0.9080E 00 -0.2065E-02 -0.9841E 00
-0.1356E 01 -0.1188E 01 -0.3546E-02 -0.1290E 01
-0.1107E 01 -0.1242E 01 -0.3871E-02 -0.1348E 01
-0.T826E 00 -0.1211E 01 -0.3679E-02 -0.1314L 01
0.3745E-03 -0.9119E 00 -0.2081E-02 -0.9882E 00
0.7806E 00 -0.3690E-00 -0.3445E-03 -0.4019E-00
0.1103E 01 -0.5123E-01 -0.8743E-05 -0.6012E-01
0.1349C 01 0,2685E-00 -0.1714E-03 0.2832E-00



OA/PhYs/63.-5,6

OUTBOUND ERROR ANALYSIS

CLASS IN---0,0---B8 MARS-OPT
VOL/W VOC/W UELRL I)ELRC

0.1406E 01 0.6631E 00 -0.1114E-02 0.7225[ 00
0.1217E 01 0.1056E 01 -0.208E-02 0.1148L 01
0.9936E 00 0.1146E 01 -0.3321E-02 0.1248E 01
0.7028E 00 O.IL7L 01 -0.3406E-02 0.1264F 01
0.2156E--03 0.9410C 00 -0.2319E-02 0.1043E 01

-0.7041C 00 0.4865L-00 -0.6225E-03 0.5402E 00
-0.9968E 00 0.1984E-00 -C.1084E-03 0.2243E-00
-0.1222E 01 -0.1047E-00 -0.2623E-04 -0.1094E-00
-0.1413E 01 -0.7381E 00 -0.1397E-02 -0.8095[ 00
-0.1224F 01 -0.1054E 01 -0.2862E-02 -0.1159L 01
-0.9998E 00 -0.1144E 01 -0.3377E-02 -0.12591 01
-0.7067E 00 -0.1155E 01 -0.3441E-02 -0.1271C 01
0.2298E-03 -O.q47lE 00 -0.2312E-02 -0.1041E 01
0.7054E 00 -0.4875E-00 -0.6173E-03 -0.5378F 00
O.9966E 00 -0.1997E-00 -0.1084E-03 -0.2236E-(nO
0.1219E 01 0.1020E-00 -0.2448E-04 0.1053L-00

OUTBOUND ERROR ANALYSIS

CLASS IN---0,0---n MARS-CLOSE
VOL/W VOC/W DELRL DELRC

0.1568E 01 0.8569E 00 -0.1836E-02 0.9280L 00
0.1357E 01 0.1203E 01 -0.3644E-02 0.1308E 01
0.1108E 01 0.1252E 01 -0.3966E-02 0.1364E 01
0.7842E 00 0.1219E 01 -0.3777E-02 0.1331F 01
0.3830E-03 0.9104E 00 -0.2135E-02 0.1001L 01

-0.7862E 00 0.3598E-00 -0.3427E-03 0.4006E-00
-0.1113E 01 0.3938E-01 -0.6994E-05 0.4869E-01
-0.1365E 01 -0.2868E-00 -0.2081E-03 -0.31IOE-00
-0.1579E 01 -0.9264E 00 -0.2212E-02 -0.1011E Ol
-0.1368[ 01 -0.1200E 01 -0.3721E-02 -0.13211 01
-0.1117E 01 -0.1252E 01 -0.4046E-02 -0.1378E 01
-0.7893E 00 -0.1215E 01 -0.3812E-02 -0.1337E O
0.3944E-03 -0.9078E 00 -0.2123E-02 -0.9981E 00
0.7873E 00 -0.3602E-00 -0.3392E-03 -0.3981E-00
0.1112E 01 -0.3994E-01 -0.6994E-05 -0.4879C-01
0.1360E 01 0.2822E-00 -0.1958E-03 0.3020E-00
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OUTBOUND ERROR ANALYSIS,

CLASS iN---0,0---C MARS-OPT
VOL/w VOC/W DELRL' DELRC

0.1408E 01 0.6676E 00 -0.8096E-03 0.6161E 00
0.L219E 01 0.1056E 01 -0.2039E-02 0.9780E 00
0.9950E 00 0.1145E 01 -0.2406E-02 0.1062E 01
0.7037E 00 0.1156E 01 -0.2464E-02 0.1075E 01
0.18 72E-03 0.9483E 00 -0.1675E-02 0.8864E 00

-0.7049E 00 0.4874E-00 -0.4511E-03 0.4591E-0O
-0.9977E 00 0.1984E-O0 -0.7694E-04 0.1893E-00
-0.1223E O -0.1016E-00 -0.1923E-04 -0.915SE-01
-0.1414E 01 -0.7370E 00 -0.10IIE-02 -0.6883E 00
-0.1225E 01 -0.1055E 01 -0.2076E-02 -0.9866k 00
-0.IO00E 01 -0.1143E 01 -0.2439E-02 -0.1070E 01
-0.707E 00 -0.1153E 01 -0.2481E-02 -0.1079E 01
0.1872E-03 -0.9480E 00 -0.1673[-02 -0.8862E 00
0.7059E 00 -0*4869E-00 -0.4441E-03 -0.4560E-00
0.9975E 00 -0.2010E-00 -0.7869E-04 -0.1903E-O0
0.1221E 01 0.1OI2E-00 -01923E-04 0.9034E-01

OUTBOUND ERROR ANALYSIS

CLASS IN---0,0---C MARS-CLOSE
VOL/W VOC/W DELRL DELRC

0.1435E 01 0.7010E 00 -0.8935E-03 0.6471E 00
0.1242E 01 0.1080E 01 -0.2137E-02 0.IOO1E 01
0.101411 01 Q.1163E 01 -0.2485E-02 0.1080E 01
0.7171E 00 0.1168E 01 -0.2514E-02 0.1086E 01
0.2014E-03 0.9419E 00 -0.1652E-02 0.8804E 00

-0.7183E 00 0.4650E-00 -0.4109E-03 0.4381E-00
-0.1017E 01 D.L713E-00 -0.5770E-04 0.1639E-00
-0.1246E 01 -0.1345E-00 -0.'3322E-04 -0.1224E-00
-D.1441E 01 -0.7704E 00 -0.1105E-02 -0.7198E 00
-01249E 01 -0.O083E 01 -0.219LE-02 -0.1014E 01
-01OI9E 01 -0.1164E 01 -0.2527E-02 -O.1089E 01
-0.7206E 00 -0.1165E 01 -0.2530E-02 -0.1090E 01
0.2156E-03 -0.9411E 00 -0.1649E-02 -0.8796E 00
0.7193E 00 -0.4656E-00 -0.4057E-03 -0.4362E-00
OID161bE 01 -0.171OE-00 -0.5770E-04 -O.1624100
0.1244E 01 0.13411-00 -0.3322E-04 0.1209C-00
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IFUNK CPTIMUP 2-STAGE TRAJECTORY

800 REAC INPLT TAPE 2,200,IEACGVINRINRStFIN,0F1,RCIN,CRCINJ,
800 IVE.REGECCVI ,IC1,NCRM1,NORM2,L,M,N,PCERR
200 FCRPAT(12A6,/8E9.C,/4El0.C, 15,/2l5,/315,EIO.C)
850 WRITE CUTPUT TAPE 3,300,14EAD
300 FCRkAT(C271-1EPT IMUM 2-STAGE TRAJECTORY//12A6, /)
4 1ICUAL=O
0401 JCtUAL=0
801 REAC INPUT TAPE 2,201,RMAX,RMIN
201 FCRMAT(2E10.C)
802 WRITE CLTPUT TAPE 3,3ICRFINRFAX,RIN,REPCERRtL,
802 1 RCINPFII\,VIN,VECCVIM* CROIN,CFI,G,GE,ICIN, RS
310 FCRNATC 1x,6k-RMIN =,E11.4,3X,51-RMAX=,E11.4,3X,4HRIN=,Ell.4,3X,
310 1 3 -E=,El.,3X,6HPCERR=,El.43X,2HL=.I3 / 1X,6HRCIN =,Ell.4,
310 2 3X,5FI IN=,E11.4,3X,4hV IN=,Ell.4,3X,3HVE=,El1.4,3X,6HCOVI,
310 3 E-11.4,3X,2hV=,13 / 1X,6HDROIN=,E11.4,3Xl5HDFI =tEII.4,3X9
310 4 01~G =,E11.4,3X,3HGE=,E1.,3X641C[ =913v1lX,2HN=,I3/
310 5 lX,6t4RS =,El1.4)
0402 KCUAL=O
0403 K2CUAL=0
0404 ACRCY=1.4PCERR
17 PI=3.1415927
803 REAC INPUT TAPE 2,203,DATA
203 FCRPAT (EIO.0)

IFINCRMI) 101,101,1
C NON-KCRPALIZE

I RS=RS*RE
0102 VIN=VIN*VE
0103 G=G*GE

GC TO, 104
C NCRYALIZE TC PLANET PARAMETERS
101 RIK=RTN/RS

RCIK=RCIN/HS
CRC IK=DRC TN/RS
RV~AX = RPAX/RS

RPN=RFIN/RS
104 VCS=SCRTF(G/HS)

VI N =VIN / VCS
C CCKVERT ANGLZS CEGREES-10-RACIANS
0106 FIIN-.01745i3293*FIIN
0107 IDFI=.017453293*C;FI

C CALCULATE REF. OPTIMUMS
0108 VINSC=VIIKu,2

PE=I.0/RIN
PE2=PE*2 .0
E=V INSC/2 .C-PE
CPTRCN=1 .0/E
C PTRHC=C PT RCN R-S
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1FUNK CPTIOUP 2-STAGE TRAJECTORY

CPTCVN=SCRTF CE)
C PT C VOPT CVN*V CS
CPTOVE=CPTCV/VE
CPTH=2.0/CPTCVN
SCPTFI=CFTH/( RIN*V IN)
CPTFI=ASIN(SOPTFI)
O PT F 1=0PTFI1'57. 295180

0109 WRITE CUTPUT TAPE 3,3169OPTRON, OPTOVEOPTFI,OPTRC, CPTCV
316 FCR 0AT(lX, 12F~CPTRCN =PE15.8.12X,1OHOPTDVE =,E15.8,1CX,
316 1 6HOPTFI=,E15.8 / IX,12I-OPTOV(KM/SV=,EI5.8,12XPlOHOPTRC(KM)=,
316 2 E15.8)

C GENERATE FII!) PATRIX
2 Flt(l)=FIIN

0031=2,1
3 Fll 1)=F!Ir I-l)+CFI
42 WdRITE OUTPUT TAPE 3,306
306 FCRMAT(/2X.9- Fl INIT.,3X,11- ORO.RADIUS,3X,9H TOTAL DV,3X,
306 111H CV AT CRO.,2X91OH DV AT RIN * 6X, 3H FI , X
306 2 4IF PSI , lOX, 2H V
4201 IFINORM2)45,'i5,44O2
4402 WRITE OUTPUT TAPE 3,301
301 FORMAT(3X,IPCEGREES, 8X,3F(/RS, 8X,3(7H/OPT.DV,6X)i
301 1 2(71-CEG9EES,7X),3H/VE,/)
4401 GO TO 5
45 WRITE OUTPUT TAPE 3,302
302 FCRr'AT(3X,7IHCEGREES,6X, 1CIKILCMETERS,3( 3X, IOHKM./SECOND),
302 1 2(4X,7HCEGREESb95X,10HKM./SECCNO,/3

C START LOOP FOR EACH INIT. CONC.
5 D0 50 1=19L

C RESET OPTIVUM FOR NEXT 1.0.
0501 POOVT=OCVI
0502 102=101
503 CUT2=0

C GENERATE RC(J) MATRIX
6 R01I)=RCIN
0601 CRC=CRCIN
1 DO8J=2,?M
8 RC(J)=RCIJ-1I4CRO

O RESET OPT FCR NEXT SET OF ROIJ)
SCCVT= CCVI

O START LOOP FOR EACH ORB.ITAL RADIUS
9 DC 36 J=19M
0911 IF(RYAX-ROIJ)) 36909129C912
0912 IF(RCIJI-RPIN) 36t0901,C901

O RESET OPT. FCR NEXT RADIUS
0901 OCCVT=OCVI
0902 IO1=ICI
0903 OUT1=0



GA/PHYS/63-5 ,6

1FUNK CPTIM'Ul 2-STAGE TRAJECTORY

C START PRELFP. CALC. BASED ON RO(I)
VCSQ=1.O/RO(J)
VC=SCRTF(VCSC)
VPARSC=? .O.VCSQ
VPAR=SQRTF(VPARSQ)
CVC=(SCRTF(VINSC.VPARSQ)-VPAR)/ G.C

C GENERATE VC(K) MATRIX
11 VC(1)=VPIR.(CVO/2.)
12 0013K=2,1C
13 VC(K)=VCK-1)+CVO

C RESET CPTIPUF FCR NEXT SET OF VOWK
OOVT=UOV I

C START LCCP FOR EACHVC
14 0025K=1,1O

C TEST FCR NON-HYPERBOLIC PATFS
15 IF(VC(K)-VPAR)25t25,16

C START CALC. FCR + VALUES
16 CVO=VC(K)-VC
1601 ZA=VC(K)**2-VPARSQ

H=R ( J).VC (K)
VSC=PE2+ZA
V=SCRTF (VSC)
SF I=H/ (R IN*V)
FI=ASIN (SF1)
CELFI=F I-Fllll)

1602 CCELFI=COSF(CELFI)
1603 SCELFI=SINF(CELFI)
18 VCR=V*SCELFI

VLG=V*CC ELF I
19 OVLG=VIN-VLG

TTHETA=VCR/EVLG
21 THETA=ATANF(TTHETA)
20 CV=ABSF(VCR/SINF(THETA))
2105 DTC+V

C TEST FOR CPTIMUM
22 IF(CCVT-CVT)25925,24

C STORE OPT IPUMS
24 CCVT=DVT

C VO=VC IK)
25 CONTINUE

C END OF LOOP FOR EACH VO
26 IF(CCVT-CCCVT)21,29C2,28

C TEST CONVERGENCE FOR VC(K)-ITERATION
27 IF(COVT*ACRCY-OOCVT)27C127C2,27C2
2701 IF(IC1-K)27C3,2702,2702
2102 CUTL=1

C STORE CO CPTIIMUMS
2103 COOVT=OCVT

2n1
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IFUNK CPTIPUI 2-STAGE TRAJECTORY

2705 CCVC=CVC
2706 IFICUT1 )21C1,2707,29C2
2707 IC1=JC1+1
C BRACKET OPTItPUM VO
2708 CVC=.1*CVC
2781 IF(CVD-(5.OE-O9) )2902,29C2,2782
2782 VCC1)=COVO-4.5*CVO
2709 GC TC 12
C ENO CF VC(g)-ITERATION LOOP
28 IFICCDVT.ACRCY-OCVT)2801, ?902,29C2
2801 IF(ICI-N)2707,2902,29O2
2902 IF(DRC)3C,2904,30
2904 PCCVT=CCCVT

PCvC=OOVG
PCRO=RO( J)

2906 GC TC 41C2
C TEST FCR SUPEf4-CPTIMUM AND STORE
30 IF(SCCVT-CCCVT)36936932
32 SccV=Ocvi

SCVC=CCVC
33 SCRC=RC(J)
36 CONTINUE
C END CF ICCP FCR EACH RACIUS
38 IF(SCCVT-POCVT)39,4102,40

C TEST CCNVERGEINCE FOR RO(J)-ITERATION
39 IF(SCCVT*ACRCY-POVT)39l,3gC2,3902
3901 IFfIC2-N)3903,3902,3902
3902 CUT2=1
C STORE PREVICUS SUPER-lPTIMUM'S

3903 PCCVT=SCCVT
PC V = 50c

3905 PCRC=SORO
3901 IF(CUT2)390893908,4102 

1

3908 1C2=1C2+J
C BRACKET CPTIPUM RC

3909 DRC=.l.CRO
3991 IF(CRO-(5.OE--09) )41O2,41O2,3992
3992 RCII)=PCRC-4.5*DRO)
3910 GC TO 7

C END OF RO(J)-ITERATICN LOOP
40 IF(PCDVT'ACRCY-SCvT4c,4lC2,4102
4001 IFCIC2-N)3900,4102,4l02

C PREPARE DATA FCR OUPUT
4102 VCSQ= 1.C/PCRC

VC=SCRTF(VCSCI
PCDVc= PcC-VC
F A= P0 VOCu2-2.*.VC SO
H=PCRC*PCVC
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iFUNK CTpIrVtjt 2-STAGE TRAJECTOJRY

VS C=P E2+A
PCV=SCRTF(VSC
SF 10-/ ( R 1NPCV3
PCFI=ASIN(SFI)
CELFI=PCFI-FII( 1)
CCELFI=CCSF(CELFI 3
SCELFI=SINF(CELFI)
VCP=PCV*SCELF I
VLG=PCV*CCELFI
DVL(;=VIN-VLG

C CCHRF.CTICN ANGLE CAIC.
TTHE1 A=VCR/CVLG
1F~E VA=ATANF CTTIFETA)
PCCV=ABSF(VCR/SINF( rHETA) I
IF (CVLG) 4lC3,41C4,4104

C CDTUSE ANGLE CALC.
4103 THETA=THETA-PI

C ACUTE ANGLE Ti-ETA CALC.
PSI=PI-TtNETA4FIICI)

4104 PCPSI=PI-TI-ETA+FlI(I)
4105 IF(CNORM2 )44,44,43

C NORPALIZE CVS ANC RD
43 PCCVT=PCCVT/CPTCVN

PCCVC=PCCVO/CPTCVN
PCCV=PCCV/OPTCVN
PCV=PCV*VCS/VE
GC Tfl 46

C NCK-NCRtJALIZE CVS AND RD
44 PCCVT=PCCVT.VCS

PCCVO=PDcvOIavcs
PCCV =POCV 0*VCS
PCV =POV *VCS
PCRC =PCRC .VCS

C CCKVERT ANGLES sRAIANS-TO-CEGREES
46 PCFI=PDFI*57.295780

PCPSI=PCPSI a57.295780

48 IF( PCPSI-18C. 350,50,49
4.9 PCPSI=PCPSI-360.
50 WRITE CUTPUT TAPE 3,303,FlI(l),PCR0,DDPOOPDVOPCDVPCFIPDPSI,
50 1 PCV
303 FCRMAT( lX,8(E11.4o2X) 3

C END OF LCCP FCR EACH INIT. COND.
500 IF(CATA)550,5509800
550 WRITE CUTPUT TAPE 3,700
700 FCRh'AT(151 EKC OF PROGRAM)
600 CALL EXIT

ENCI,0,C,0,0,0,I,0,C,1,C,0,C,C,C)
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2FUNK CPTIPUP TRAJECTORY FOR RANCE OF ORBITS

C MA1N PRCGRAM
1000 CIMENSICN hEAC(12)
2000 REAE INPUT TAPE 2#2C01,tEAD ,GVINvRINpRS9VERR,VRERR
2001 FCRPATI 12A6,/6EIC.C)
3000 WRITE CUTPUT TAPE 3,3001, -EAC 9G,VIN#RINRSVERR,VRERR
3001 FCHMAT(1t-1,5X,12A6// 1CX, 101-INPLT DATA~/
30011 17X,?I'G=,E1 1.4t 5X,4HVIN=,Ell.4t 5Xv4HRINz,Ell.4/

C CONVERT NORPALIZATION LOCAL NORMAL
1 VCSESQ=399.0/6.3I
2 VOS=SCRTF(VCSES(.G/RS)
3 RS=RS*637C.O
4 VIN=VIN429.8/VCS

C CALCULATE ERRCR ANGLES
5 CELFI=ATANF(VRERR)
6 FflER=ATANF(VERRU
3002 WRITE OUTPUT TAPE 3,3003vVCSoRS,V INPF IEROELFI1
3003 FCRPAT(// ICX, 2liHLCCL NORMALIZATION DATA/
3C031 30X9 qIFVCS(K/S)= ,E11.4, 3X,6FiS(K)=,E11.4,/
30032 10X,lCHVIN(KCRM )=,El1.4, 3X,5HFIER=,E11 .4, 3X,6HOELFI=,E11.4)

C THEORETICAL CPTIMUM TRAJECTORY

7 VIN'SC=VIN**2
8 PE2=2.0/RIIN
9 E2=VINSC-PE2
10 RCX=2.0/E2
11 CVX=SCRTFCE2*O.5)
12 HX=2.0/CVX
13 FIX=ASIN(IHX/(RIN*VIN))
14 CVXC=CVX*VCS
15 RCXC=ROX*RS
16 FIXC=FIX.57.29578
3004 IWRITFE OUTPUT TAPE 3,3005,HOXCVX,FIXROXO,DVXO,FIXD
3005 FCRMAT(// lOX, 30HTFEORETICAL OPTIMUM TRAJECTORY/
30051 l5X,41-RCX=#E11 .4, SX,AHI2VX=,Ell.4, 5X,4HFI X=,EII.4, /
30052 12X,THRCX(KI=,Ell.4, 9hCVX(K/S)=,El1.4, 9H FIX(D)=,E11.4)
2002 REAC INPUT TAPE 2,20C3vRCRtRPAXRMINvRERR
2003 FCRMiAT(4E10.C)
3006 WRITE CUTPUT TAPE 3,3007,ROR,RVAX,RVMIN,RERR
3007 FCRFAT(// lOX, lOIIINPUT CATAI
30071 15X,41-ROR=,E11 .4, 4X,5FRMAX=,kll.4, 4X,5HRMIN=,E11.4t/
30072 14X,5HRERR~Ell.4)

C CHECK REFERENCE OPTIMUM AGAINST CRPITAL RANGE
17 IF(RCR)18,18,23
18 IF(RPAX-NCX)20,19,19
19 IF(RCX-RVIN 122,25,25

C USE LIVIT FOR REF. OUT OF RANGE
20 RCR=RMAX
21 GC TC 23
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2FUNK CRTIMtJP TRAJECTCRY FOR RANGE OF ORBITS

22 RCR KM IN
23 CALL RTRAJ( RCR,VIN,VINSQ,RIN,PE2,FI IN)
24 GC TO 261
25 RCR=1RCX
26 F IIN= I X
261 F[INC=FIIN'457.29576
3008 wRITE OUTPUT TAPE 3,3009',ROR,FIIN,FIIND

3009 FCRVAT(// lOX, 35HOPTIMUM REFERENCE TRAJECTORY VALUES/
30091 15X,41'RCR=,Ell.4, 4X,5IHFIIN=,Ell.4i 9H FIIN(D)=,E11.4)
27 11=1

C CUTER~ ERROR ANALYSIS
C GETERVINE ALLCWANCE LIMIT
28 RLIVRMAX+RERR*(RVAX- 1.0)

C FINE INITIAL CrNCITIONS CUE TO MICCOURSE ERROR
281 VISC=VINSC4I.0.+VERR**2)
282 V I =SRT F(V ISC)
2d3 FII=FIER+FIIN
3010 WRITE CUTPUT TAPE 3t30l1,RLItV,VIiFII
3011 FCRFVAT(lI-1,9X,20OfUTER ERROR ANALYSIS/
30111 14X,5HRLIV=,E11.4, 6Xt31-VI=,Ell.4, 5X,4HFI I=,EIl.4)
29 GO TO 34

C INNtR ERROR ANALYSIS
C OETERl'INE ALLOWANCE LIMIT
30 RLII'=RVIN-RERR*C RMIN-l .0)

C FIND INITIAL CCNEITIONS DUE TO MICCOLRSE ERROR
31 FII=FIIN-FIER
32 CELF[=(-1.0)*CELFI
3012 WRITE OUTPUT TAPE 3,3013,RLIMVIFlI
3013 FCRRAT(11-1, 9X,20HINNER ERROR ANALYSIS/
30131 14X ,5HRLIP=,El1.4, 6Xr3hVI=,E11.4t 5Xt4HFII=,Ell.4)

C DETEROOINE OPTIMOUM REFERENCE TRAJECTORY
34 CALL REFCPT (VI ,VISOF I hR NRMAXRMIN,O'JX,PE2,HRZAR, FIRROR,FC)

C END CF LCCPS FCR INNER AND OUTER ERROR CALCULATIONS
C DETERMIKE CPTIPUP SEQUENCE OF CORRECTIONS
40 CALL CPTSEC (RINROR,1'RZARRLIMDELFI, IZ,DVXFC)
41 IF(IZ)2CC492CO4,42
2004 REAC INPUT TAPE 2,2005,CATA
2005 FCRMAT (E10.0)
411 IF(OATA) 3016,3016,2000
42 1 Z=0
43 GC TC 30
3016 WRITE OUTPUT TAPE 393C17
3017 FCRMAT(/// IOX, 14H4ENC OF PROGRAM)
44 CALL EXIT

ENOII,O ,O,O ,C ,0, 1,0, 0,1,0, 0,0, ,0)
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SUBROUTINE RTRAJ(ROvVIVISQRI,PE2qFI)

SUBROUTINE RTRAJ(ROvVI#VISQ,RIPE2,FI)
1 VLIM=O.OOO1*VI
2 VLSCSQ=2.O/RO
3 VESC=SQRTF (VESCSQ)
4 VO=SQRTF(VISQ+VESCSQ)
5 CVO=(VO-VESC)/9.0
6 ZA=VISO
I GO TO 10
8 VO=V!J-CVC
9 ZA=VO**2-VESCSQ
10 H=RO*VO
11 V=SQRTF(PE2+ZA)
12 DV=V-VI
13 IF(OV)r6t20,1'.
14 V02=VO
15 Ga TO 8
16 IF(DV+VLIM) 17920,20
17 CVO=o.1*CvO
18 VO=V02
19 GO TO
20 FI=ASIN(H/(RI*V))

RET URN
END(tt~~O,,,,10O, t1,0,0,0,C,0)
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SUBRokjrINE REFOPT(VIVISQFI IRI,RMAX,RMIN,DVX,PE2,H,ZA,FI ,RO5,F3)

C PRELIMINARY CALCULATIONS
1 ACC=1.OE-04
2 DO=(RMAX-RMIN)/9.0
3 RG=RMIN-ORO
301 F5=9.9E+05

C START LOOP FOR EACH RADII SET
4 F4=9.9E+05

C START LOOP FOR EACH RADIUS
5 DC 53 J=1910
6 Rc=RO+DRc
C TCST FOR RO OUTSIDE RANGE
601 IF(RMAX-RO) 54,1,602
60Z IF(RO-RMIN) 539177
7 F3=9.9E4OS
8 ICI=0
9 VESCSCJ=2.U/RO
10 VCSQ*VESCSQ/2.0
11 VC=SQRTFCVCSQ)
12 VESC=SQRTF(VESCSQ)
13 CVU3(SQRTF(VISQ+VESCStJ)-VESC)19.O
14 VC=VESC-0.5*CVD

C START LOOP FOR EACH VELOCITY SET
15 F2-9.9E*O5

C START LOOP FOR EACH VELOCITY
16 DO 33 K=1910
17 VOwVO+CVO
C TEST FOR NON-HYPERBOLIC PATHS
171 IF(VO-VESC) 33v33918
18 DVO=VO-VC
19 ZA=VD..2-VESCSQ
20 H=i&O*VO
21 V=SQRTF(PE2+ZA)
22 FI=ASIN(H/IRI*V)
23 DF-I=FI-FII
24 VCR=V.SINFCDFL)
25 VLG=V*COSF(DFI)
26 DVLG=VI-VLG
27 THETA-ArANF(VCR/DVLG)
28 DV=ABSF(VCR/SINF(THETA)
29 FI=DVIDVO
30 IF(F2-F1)33,33,31
31 F2=Fl
32 VO2mVO
33 CONTINUE

C END OF LOOP FOR EACH VELOCITY
34 DF=F3-F2
35 IF(DFH38,38,36
36 F3=F2
37 V)3xV02
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SUBROUTINE REFOPr(VIVIs(~,FII ,RIRMAXRMINOVXPE2,HZA,FI ,R05,F3)

38 DFC=ABSF(OF)-ACC
39 IF(0FC)45,45940
40 IFl ICI-20)41,3001,3001

42 CvO=O.1*CVO
43 VC=V03-4.5*CVC
44 GO TO 15

C END OF LOOP FOR EACH VELOCITY ITERATION
3001 WRITE OUTPUT TAPE 393002
3002 F(IRMAT(IOX,6HIC1=20)
45 IF(DRO)49,46949
46 FS=F3
47 VO5=V03
48 GO TO66
C CHECK FOR FIXED RO
49 IF(F4-FI)53,53,50
50 F4=F3
51 V04=VO3
52 R04=RO
53 CONTINUE

C END OF LOOP FOR EACH RADIUS
54 DF=F5-F4
55 IF(DF)59,59,56
56 F5=F4
57 V05=V04
58 R05=RO4
59 DFC=ABSF(OF)-ACC
60 IF(DFC)66,66.b1
61 IF11C2-20)62,3003,3003
62 1C2=1C2'-I
63 ORO=.1*DRO
64 RO=R05-4.5*DRO
641 GO TO 4

C END OF LOOP FOR EACH RADIUS ITERATION
3003 WRITE OUTPUT TAPE 393004
3004 FORMAT(lOX,6H1C2=2O3

C COMPUTE OUTPUT UArA
65 VESCSQ=2.0/R05
66 VCSQ-VESCS/2.0
67 VC=SQRTF(VCSQ)
68 DVO=V05-VC
69 lA=V05.e2-VESCSQ
70 A=1.0/ZA
71 H=R05*V05
Il1 VSQ=PE2+ZA
72 V=SQRTF(VSQ)
73 FI=ASIN(H/l V))
74 DFI=FI-FII
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SUBROUTINE REFOPTIVI ,VISQFI I,R1,RMAX,R41N,DVXC,PE2I'lZAF1 ,R05,F3)

75 VCR=V*SINF(OFI)
76 VLG=V*CCSF(DFI)
'17 OVLGi=VI-VL(;
78 THETA=ATANFIVCR/DVLG)
79 DV=ABSF(VCR/SINF(THETA))
80 EC=RO5*ZA+1.0
81 P1=3.141592
82 CRTO=57.29578
83 IF(DVLG)84#85985
84 THETA=THETA-PI
85 PSI=PI-THETA+Fll
86 PSID=PSI*CRTO
87 TtHETAD=THETA*CRTU
88 FID=FI*CRYD
3005 WRITE OUTPUT TAPE 3v3006vFDPSIDTHETAD
3006 FORMAT(//l0Xs3HREFERENCE TRAJECTORY PARAMETERS/
30061 13X,6HFI(D)=,EIl.4,2X, IHPSI(Oi=,Ell.4,9HTHETA(D),#Ell.4)
89 Fl=F5/OVX
90 F2=DVO/DVX
91 F3=DV/OVX
3007 WRITE OUTPUT TAPE 3,3008,FI,F2,F3,R05,A,H.EC
3008 FOfRMAT(15X.4HDVT*,EL1.4v 5X.4HDVO=,El1.4, 6X,3HDV=#ELL.4/
30081 16X,3HRO=.Ell.4t 79t2HAvEII.4, 7XZHHvEII.4/I6X,3HECvEll.4)

RETURN
ENDI 1,0 ,0 0 ,O 0, 1,0,0, 1 0,0, 0,,
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SUERCUTINE CPTSEQ(RINRCR,HRZAR,RLIM,DELFI ,IZ,DVX,FC)

I CINEKSICN R(100)vRCl( 15, 1CC),,RCO(15),VRiICO)tFIR(100)I41100),
1 1 PE2(100)t RC2f15,lO0)hFl(100),F2(1CC)
2001 KEAC INPUT TAPE 212002,ILNL
2002 FOClMAT(2110)

C N=l ANALYSIS
2 CALL RMATXI IL,RIN,RCR,hR,ZAR,CELFIt R,FIR,H,VRPE2)
3 FCPT=9.9E+05
301 RCC(1)= 0.0
4 IF(IZ) 3C229302203020

C CUTTER ERRCR ANALYSIS
3020 WRITE CUTPUT TAPE 3,3021
3021 FCRMAT(1F1,1CX, 36HPOSSIBLE CRBITAL IMPULSES (DV/VCS)--,
30211 131- CUTER ERRORS/1
5 CC 16 I=2,1IL
6 EC=S0~TF(I(I)**2*ZAR +1.C)
7 RC=(EC-1.0)/ZAR
8 I F (C-RLI I) 9,9,30
9 VCSC=l.0/RO
10 VC=SCRTF(ZAR42.0*VCSQ)
101 VC=SCRTF(VCSC)
11 F2(I)=VC-VC,
3013 WRITE CUTPUT TAPE 3,3014tl,F2(.I[hRO
3014 FCRt~hT( lOXp3FF( , 13,2H)=, El1.4,5Xr3HRO=,EII.4)
12 RC2(1,I)=RC
13 IF(I-IL) 16,14916
14 FCPT=F2(I)
15 RCC(1V=RC2(1,1)
16 CONTINUE
1602 GO TC 32

C INNtR ERkCR ANALYSIS
3022 WdRITE OUTPUT TAPE 3,3023
3023 FOCl'AT(IHIlX, 36HPOSSIBLE CREITAL IMPULSES (DV/VCS)--t
30231 13H INNER ERRORS I
17 UC 28 1=20IL
1a EC=S0I(TF~i'II)**2*ZAR +1.C)
19 RC=(EC-1.0)/ZAR
20 IF(IRO-RLH' )3C,21,21
21 VCSO=1.0/NC
22 VC=SCRTF(ZAR+2.0*VCSQ)
221 VC=SCRTF(VCSC)
23 F211)=VO-VC
3015 WRITE OUTPUT TAPE 3,3014,1,F2(I),RO
24 RC2(11I)=HO
25 IF(I-ILI 28,26,28
26 FCPT=F2( I)
27 RCC(1)=RC2(,il)
28 CONTINUE
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St.BRCUT INE CFTSEQ(RINRCRHRZARRIHELFI, IZDVXFC)

29 GC TO 32
30 IF( I-2)3CC1,300ls32
3001 WRITE OUTPUT TAPE 3,3002
3002 FCRPAT(IGX,15IHGRID TOO COARSE
31 RETURN
32 IK=I-1
321 FCPT=FCPT/DVX +FC
322 IF(IZ) 3C24,3024,3CC3

3003 WRITE CUTPUT TAPE 3,3004,FOPT,RCC(1)
3004 FCRtVAT(D1 1,9X, 27HN-CORRECTICN IMPULSE TOTALS/
30041 lOX, 12HOUTER ERRORS //,
30042 lIX,81-FOPT l=,Ell.4, 5Xt4HRCO=tE1I.4)
323 GC TO 33
3024 WRITE CUTPUT TAPE 3,3025,FOPT,RCO(1)
3025 FCRVAT(1I-1,gX, 27HN-CORRECTICN IMPULSE TOTALS/
30251 lOX, 12HIKNER ERRflRS //,
30252 11X,81-FOPT 1=,Ell.t 5X,'iHRC0=*Ell.4)

C N=2 CR NCRE ANALYSIS
33 DC 66 N=2tNL
34 FCPT=9.gE+05
341 IF(N-NL) 35,042,342
342 IE=IL
343 GO TO 351
35 1E=N+1
351 N1=N-1

C START INIT-RACIUS LOOP
36 DO 611 I=IE,IL
37 Fl(I)=9.9E+O5
38 11=1-1

C START CCHR-RAOIUS LOOP
39 DO 57 L=Nv11
40 SFI=H(I )/(R(L)*VR(L))

-j41 IF(ABSF(SFI)-1.0) 42,42,51

42 FI=ASIN(SFI)
43 OFI=FI-FIR(L)
44 VCR=VRL)*SIINF(CFI)
45 VLG=VR(L)*CCSF(CFI)
46 DVLG=VR(L)-VLG
47 THETA=ATANF(VCRIDVLG)
48 DV=ABSF(VCR/SINF(THETA))
49 F=CV+F2(L)
50 IFCF-FlC ) )51955955
51 Fl(lIVF
52 DC 53 M=lNl
53 RC1tMIVRC2(M*L)
54 RCI(NoI)=R(L)

293



GA/PHYS/63-5, 6

SUBRCUTINE CPTSEQ( RINRCRHRZARRLIM,DELFI, IZDVXFC)

55 IF(N-2)56,56t57
56 IF(L-IK) 57tE11,611
57 CCNTINUE

C ENO CCRR-RACIUS LOOP
611 CENTINUE
C END INIT-RACIUS LOOP
59 FCPT=Fl(IL)
60 DC 61 V=lN
61 R CC (P~)=RC 1(V, I L
612 FCPT=FOPT/CVX +FC
3005 WRITE OUTPUT TAPE 3,3006tNFCPT ,(M*RCO(M)vM=l#N)
3006 FCR!VAT(/llX,4hFCPTI3,l1t=El1.4/
30061 5(13X,2FRC, 13, lH=,Ell.4,3X,21-RC,I3,1H=,Ell.4,3X,2HRC,13,1H=,
30062 E11.4/))
62 IF CN-NL )63,67,67
63 DC 66 1=1,IL
64 F2(I)=Fl(I)
65 CC 66 1M=lN

66 RC2UVjIkRC1(M,I)
C END OF LCOP FCR EACH N
67 RETURN

ENC( 1,0,C ,C C ,,1, 0,0, 1,0,0 ,C,C,0)
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SUBROUTINE RMAT.( IL,RIN,RR,HR,ZAR,DELFI, R,FIR,H,VR#PE2)

1 DIMENJSION R(100)YFIR(100) r H(IOCbvVR(100),PE2(100)
3000 WRITE OUTPUT TAPE 303001
3001 FORMAT(// 10X,16tiCORRECTION RADII/
30011 21X,1hiR, 14X,3HFIR* 13X,2HVR, 14X,lHH)
2 EL=IL-2
3 ZEL=1.O/EL
4 R(2)=RR
5 RM=(e&IN/R(2) )**IEL
6 00 1002'1=20L
7 R(I+1IkRII)*RM
8 PC2(I)=2.0/R(I)
9 VRSO=ZAR+PE2(l)
10 VRCI)=SOR'TFCVRSQ)
101 SFIR= HR/(R(I)*VR(I))

C SINE-GREATER-THAN-ONE TEST
102 TEST:ABSF(SFIR) - 1.0
103 IF(TEST) 11,11,1104
104 IF(TEST-.02) 105,105,3010
105 FIRCIl)= 1.5707963
106 GO TO 12
11 FI!1(1I)=ASIN(SFIR)
12 FI=FIRCI)4DELFI
13 HI I)=HR*SINF(FI)/SINF(FIR(I))
14 GO TO 3002
3010 WRITE OUTPUT TAPE 3,3011,RM,PE2(1),ZAR
3011 FORMAT(1OXtI7HASIN OUT OF RANGE/
30111 lOX, 3HRM=,EII.4tGX,4HPE2,lEII.4,5X,4HIAR=,EII.4)
3002 WRITE OUTPUT TAPE 3030039 I,RHFIRVIbVR(I)qH(I)
3003 FORMATCI0X,13,4(3X,E11.4))
15 RETURN

ENDI , ,, , .0, 1,,,1,0 . .0,0,)
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Mare X-TrajeCtOrY

It 3.670
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OPTINUM 14ARS H-TRAJECTORY FOR ORBIT RO=3.670

CORRECTION RADII -- INNER AND OUTER EiAOkS
R FIR VR h

2 0.3670E 01 0.1571F 01 0.1036E 01 0.3802E 01
3 0.3842E 01 0.1310E 01 0.1024E 01 0.3818E 01
4 0.4022E 01 0.1204E 01 O.1013E 01 0.3824E 01
5 U.4210E 01 0.1123E 01 0.1002E 01 0.3830C 01
6 0.4408E 01 0.1056E 01 0.9912E 00 0.383b 01
7 0.4614E 01 0.9977E 00 0.9809E 00 0.3839E 01
8 0.4830E 01 0.9456E 00 0.9710E 00 0,3844[ 01
9 0.5056E 01 0.8983E 00 0.9614E 00 0.3848E 01

10 0.5293E 01 0.8549E 00 0.9521E 00 0.3852E 01
11 0.5541E 01 0.8148E 00 0.9432E 00 0.3856E 01
12 0.5801E 01 0.7774E 00 0.9346E 00 0.3860E 01
13 0.6073E 01 0.7424E 00 0.9263E 00 0.3865F 01
14 0.6357E 01 0.7094E 00 0.9183E 00 0.3869E 01
15 0.6655E 01 0.6783E 00 0.9106E 00 0.3873E 01
16 0.6967E 01 0.6489E 00 0.9032E 00 0.3878E 01
17 0.7293E 01 0.6211E 00 0.8961E 00 0.3882E 01
18 0.7635E 01 0.5946E 00 0.8892E 00 0.3887E 01
19 0.7992E 01 0.5694E 00 0.8826 00 0.3891E 01
20 0.8367E 01 0.5453E 00 0.8762E 00 0.3896E 01
21 0.8759E 01 0.5224E 00 0.8701E 00 0.39011 01
22 0.9169E 01 0.5006E 00 0.8642E 00 0.3907E 01
23 0.9599E 01 0.4796E-00 0.8585E 00 0.3912E 01
24 0.1005E 02 0.4596E-00 0.8531E 00 0.3918E 01
25 0.1052E 02 0.4405E-00 0.8478E 00 0.3923E 01
26 0.1101E 02 0.4222E-00 0.8428E 00 0.3929E 01
27 0.1153E 02 0.4046E-00 0.8380E 00 0.3936E 01
28 0.1207E 02 0.3878E-00 0.8333E 00 0.3942E 01
29 0.1263E 02 0.3717E-00 0.8289E 00 0.3949E 01
30 0.1322E 02 0.3562E-00 0.8246E G0 0.3956E 01
31 0.1384E 02 0.3414E-00 0.8205z 00 0.3963k 01
32 0.1449E 02 0.3272E-00 0.8165E 00 0.3970E 01
33 0.1517E 02 0.3135E-00 0.81271 00 0.3978E 01
34 0.1588E 02 0.3004E-00 0.8091E 00 0.3986E 01
35 0.1663E 02 0.2879E-00 0.8056E 00 0.3995L 01
36 0.1741E 02 0.2758E-00 0.8023E 00 0.4004k 01
37 0.1822E 02 0.2643E-00 0.7990E 00 0.4013E 01
38 0.1907E 02 0.2532E-00 0.7960E 00 0.4023E 01
39 0.1997E 02 0.2425E-00 0.7930E 00 0.4033E 01
40 0.2090E 02 0.2323E-00 0.7902E 00 0.4043E 01
41 0.2188E 02 0.2225E-00 0.7875E 00 0.4054E 01
42 0.2291E 02 0.2131E-00 0.7849E 00 0.4066E 01
43 0.2398E 02 0.2041E-00 0.7824 1 00 0.4078E 01
44 0.2510E 02 0,1954E-00 0.7800E 00 0.4090E 01
45 0.2628E 02 0.1871E-00 0.7777E 00 0.4104E 01
46 0.2751E 02 0.1792E-00 0.7755E 00 0.4117E 01
47 0.2880E 02 0.1716E-00 0.7734E 00 0.4132E 01
48 0.3015E 02 0.1642E-O0 0.7714E 00 0.4146E 01
49 0.3156E 02 0.1572E-00 0.7695E 00 0.4162k 01
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GA/PHYS/63-5,6

OPTIMUM MARS H--TAJECTORY FOIR ORSIT RC=3.670
R FIR VR H

50 0.3304E 02 0.1505C-00 0.7676E 00 0.4178E 01
51 0.3459E 02 0.1441E-00 0.7659E 00 0.4196E 01
52 0.3621E 02 0.1379E-00 0.7642E 00 0.4213E 01
53 0.3791E 02 0.1319E-00 0.7625E 00 0.4232E 01
54 0.3968E 02 0.1263E-00 0.7610E 00 0.4252E 01
55 0.4154L 02 0.1208E-00 0.7595E 00 0.4272k 01
56 0.4349E 02 0.1156E-00 0.7581E 00 0.4294E 01
57 0.4552E 02 0.1106E-00 0.7567E 00 0.4316E 01
58 0.4766E 02 0.1058E-00 0.7554E 00 0.4339E 01
59 0.4989E 02 0.10121-00 0.7542L 00 0.4364E 01
60 0.5223E 02 0.9685E-01 0.7530E 00 0.4389E 01
61 0.5467E 02 0.9264E-01 0.7519E 00 0.4416E 01
62 0.572JE 02 0.b861E-01 0.7508E 00 0.4444E 01
63 0.5992E 02 0.8476E-01 0.7497E 00 0.4474L 01
64 0.6272E 02 0.8106E-01 0.7487E 00 0.4504E 01
65 0.6566E 02 0.7753E-01 0.7478E 00 0.4537E 01
66 0.6874E 02 0.7414E-01 0.7469E 00 0.4570E 01
67 0.7196E 02 0.7090E-01 0.7460E 00 0.4605E 01
68 0.7533E 02 0.67801-01 0.7452E 00 0.4642E 01
69 0.7886E 02 0.6483E-01 0.7444E 00 0.4681E 01
70 0.8255E 02 0.6199E-01 0.7436E 00 0.4721E 01
71 U.8642E 02 0.5927L-01 0.7429E 00 0.4764E 01
72 0.9047E 02 0.5667E-01 0.7422E 00 0.4808E 01
73 0.9470E 02 0.5418E-01 0.7415E 00 0.4854E 01
74 0.9914E 02 0.51801-01 0.7409E 00 0.4903E 01
75 0.1038E 03 0.4952L-01 0.7403E 00 0.4953E 01
76 0.1086E 03 0.4734E-01 0.7397E 00 0.5006E 01
77 0.1137E 03 0.4525E-01 0.7391E 00 0.5062E 01
78 0.1191E 03 0.4326E-01 0.7386E 00 0.5120E 01
79 0.1246E 03 0.4135E-01 0.7381E 00 0.5181E 01
80 0.1305E 03 0.3952E-01 0.7376E 00 0.5245E 01
81 0.1366E 03 0.3778E-01 0.7371E 00 0.5311E 01
82 0.1430E 03 0.3611E-01 0.7367E 00 0.5381E 01
83 0.1497E 03 0.3451E-01 0.7363E 00 0.5454E 01
84 0.1567E 03 0.3298E-01 0.73581 00 0.5531F 01
85 0.1640E 03 0.3152E-01 0.7355E 00 0.5611E 01
86 0.1717E 03 0.3013E-01 0.7351E 00 0.5695L 01
87 0.1798E 03 0.2879E-01 0.7347E 00 0.5783E 01
88 0.1882E 03 0.2752E-01 0.7344E 00 0.5875E 01
89 0.1970E 03 0.2630E-01 0.7341E 00 0.5971E 01
90 0.2062E 03 0.2513E-01 0.7338E 00 0.6071E 01
91 0.2159E 03 0.2402E-01 0.7335E 00 0.6177E 01
92 0.2260E 03 0.2295E-01 0.7332E 00 0.6287E 01
93 0.2366E 03 0.2193E-01 0.7329E 00 0.6403E 01
94 0.2477E 03 0.2096E-01 007327E 00 0.6524h 01
95 0.2593E 03 0.2003E-01 0.7324E 00 0.6650E 01
96 0.2714E 03 0.1914E-01 0.7322E 00 0o6783E 01
97 0.2842E 03 0.1828E-01 0.7319E 00 0.6921E 01
98 0.2975E 03 0.1747E-01 0.7317E 00 0.7067E 01
99 0.3114E 03 0.1669E-01 0.7315E 00 0.7219E 01
100 0.3260E 03 0.1595E-01 0.7313E 00 0.7378E 01
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GA/PHYS/63-5,6

oP'rIm NARS h-TRAJECTORY FOR ORBIT RO=3.670

POSSIBLE ORbITAL IMPULSES (OV/VCS)-- OUTER ERRORS

FCC 2)= 0.5142E 00 RC= 0.3669E 01
FCC 3)= 0.5142E CO RC= 0.3669E 01
FGC 43= 0.5142E 00 RD= 0.3698i 01
FC( 51= 0.5142E 00 RC= 0.3705E 01
FCC 6)= 0.5142E 00 Rf= 0.3711E 01
FC( 7)= 0.5142k 00 RC= 0.3717E 01
FCC 6)= G.5142E 00 RD= 0.3723E 01
FOC 9)= 0.5142E 00 RD= 0.3728E 01
FCC 1)= 0.5142E 00 RO= 0.3734E O1

FCC 11)= 0.5142E 00 RC= 0.3739E 01
FCQ 12)= 0.5142E O0 RO= 0.3744E 01
FCC 13= 0.5142E 00 RD= 0.3750E 01
FG 14)= 0.5142E 00 RD= 0.3755E 01
FC( 15)= 0.5142E 00 RD= 0.3761E 01
FCA 16)= 0.5142E 00 RO= 0.3767E 01
FC( 17)= 0.5142E O0 RO= 0.3773E 01
FCC 18)= 0.5142E 00 RO= 0.3779E 01
FCC 19)= 0.5142E 00 RD= 0.3785E 01

FC( 203= 0.5142E 00 RC= 0.3791E 01
FO( 21)= 0.5142E 00 R0= 0.3798E 01
FC( 22)= 0.5142E O0 RO= 0.3805E 01
FC( 231= 0.5142E 00 R0= 0.3811E 01
FO 24)= 0.5142E 00 RO= 0.3819E 01
FCC 25)= 0.5142E O0 RD = 0.3826E Cl
FO( 26)= 0.5142E 00 RC= 0.3834E 01
FCC 27)= 0.5142E 00 RO= 0.3842L 01
FCC 28)= 0.5142E 00 RO= 0.3850E 01
FCC 29) = 0.5142E 00 RD = 0.3859E ol
FOC 30)= 0.5142E 00 RO= 0.3868E 01
FO( 31)= 0.5142E 00 R0 = 0.3878E 01
FO( 32)= 0.5142E 00 RC= 0.3887E 01
FC( 33)= 0.5142E CO R0 = 0.3898E 01
FCC 34)= 0.5142E CO RO= 0.39C8E 01
FO( 35)= 0.5142E 00 KO= 0.3919E 01
F0C 36)= 0.5142k O0 R0 = 0.3931E 01



GA/PHYS/A3-5,6

CP'fI. -.2. .:AfS k-TRAJECIORY FOR O±iBIT R(C=3.670

POSSIPLE 5;.bIrAL IMPULSES (DV/VCS)-- INNER ERRORS

FCC 2)= ,'.5142Z. 0O RO= 0.3669E 01
FC( 3)= C.5142i 00 kM= 0.3650E 01
FCC 4)= 0.5142E CO RO= 0.3641E C1
FC( 5)= 0.5142E ,10 RO= C.3634E 01
FCC )= 0.5142E C0 RU= O.3628E 01
FL( I)= 0.5142E CO RO= 0.3622E 01
FC( c)= C.5142E CO RU: O.3616E 01
FC( 9)= '.5142E GO RO= 0.3611E 01
FL 1L)= .5142E CO RO= 0.3605E 01
FC( l)= ).5142E 00 RO= 0.36GOE 01
FC( 12)= r.5142E CO RO= 0.3595E C1
FC( 13)= ,.5142E 00 RD= C.3589E 01
FC( 14)= 0.5143E GO RO= 3.3584E 01

FC( 15)= G.5143c 00 R0= 0.3576E 01
FC( 16)= 0.5143E CO RD= 0.3572E 01
FCC 17)= C.5143E CO RO= 0.3566E 01
FGC ld)= 0.5143E GO RO= 0.3561E 01
FC( 1,)= 0.5143E 00 RO= 0.3554E 01
FCC 20)= 0.5143E 00 RO= 0.3548E 01
FC( 21)= 0.5143E 00 Rn= 0.3542E 01
FC( 22)= 0.5143E 00 RD= 0.3535E 01
FGC 23)= 0.5143E 00 RU= 0.3528E 01
FC( 24)= 0.5143E 00 RU= 0.3521E 01
FC( 25)= 0 5143E 00 RO= 0.3513E 01
FO( 26)= 0.51432 00 RD= 0.3506E 01
FL( 27)= 0.5144E O0 RD= 0.3498E 01
FC( 28)= C.5144E 00 RO: 0.3489E 01
FCC 29)= 0.5144E 00 RU: 0.3481E 01
FU( 3u)= 0.5144E 00 RU= 0.3472E 01
FC( 31)= 0.5144E 00 RU= 0.3462E 01
FC( 32)= 0.5144E 00 kO= 0.3453E 01
FCC 33)= 0.5144E 00 RU= 0.3443E 01
FCC 34)= 0.5145E 00 RG= 0.3432E 01
F01 35)= 0.5145E 00 RO= 0.3421E 01
FCC 36)= 0.5145E 00 RU= 0.3410E 01
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GA/PHYS/63-5,6

0PTI UNi MARS h-TRAJECTO.iY FMR (i-EITAL 2 ANGE =1.1 TO 6.1

CORRECTION RADII -- OUTER EiRR)1S
R VR H

2 0.4239E 01 0.1351E 01 0.1025E 01 0.4255E 01
3 0.4431E 01 0.1231E 01 0.1015E 01 0.4263t 01
4 0.4632E 01 0.1145C 01 0.1005E 0l 0.4269t 61
5 0.4842E 01 0.1075E 01 0.9960L 00 0.42751 01
6 0.5061E 01 0.1014L 01 0.9869F 00 0.4280C 01
7 0.5290E 01 0.9605L 00 0.9782L- 00 0.42 8 5 E 01
8 0.5530E 01 0.9120E 00 0.9698E 00 0.4290C 01
9 0.5780E 01 0.86771L 00 0.9617F 00 0.4294E 01

10 0.6042E 01 0.82681 00 0.9539L 00 0.4299L 01
11 0.6316E 01 0.7888E 00 0.9463E 00 0.4304C 01
12 0.6602E 01 0.7533E 00 0.9390E 0 0.4308E 01
13 0.6901E 01 0.7199F 00 0.9320E 00 0.4313E 01
14 0.7214E 01 0.6884E 00 0.9253E 00 0.4318E 01
15 0.1541E 01 0.6587E 00 0.9187L 0 0.4323E 01
16 0.7883E 01 0.6306E 00 0.9125E 00 0.4327C: 01
17 0.8240E 01 0.6C38E 00 0.9064E 00 0.4333E 01
18 0.8613E 01 0.5784L 00 0.9006E 00 0.4338E 01
19 0.9003L 01 0.5542 00 0.8950L 00 0.4343[ 01
20 0.9411E 01 0.5312E 00 0.8896E 00 0.4349C 01
21 0.983bE 01 0.5G91E 00 0.8844E 00 0.4354L 01
22 0.1028E 02 0.4881E-00 0.8794E 00 0.4360c 01
23 0.1075E 02 0.4680E-00 0.8746E 00 0.4366L 01
24 0.1124E 02 0.4487E-00 0.8700L 00 0.4372E 01
25 0.1175E: 02 0.4303E-00 0.8655k 00 0.4379E 01
26 0.1228E 02 0.4127E-00 0.8613E 00 0.4386E 01
27 0.1283E 02 0.3958E-00 0.8572E 00 0.4393E 01
28 0.1342E 02 0.3795E-00 0.8532E 00 0.4400C 01
29 0.1402E 02 0.3640E-00 0.8494t 00 0.4407E 01
30 0.1466E 02 0.3491L-00 0.8456C 00 0.4415E 01
31 0.1532E 02 0.3348E-00 0.8423E 00 0.4423E 01
32 0.1602E 02 0.3211E-00 0.8389E 00 0.4432E 01
33 0.1674E 02 0.3079E-00 0.8357L 00 0.4440E 01
34 0.1750U 02 0.2953E-00 0.8326E 00 0.4449C 01
35 0.1829E 02 0.2832E-00 0.829GE 00 0.4459E 01
36 0.1912E 02 0.2716L-00 0.8267 00 0.4469E 01
37 0.1999E 02 0.2604L-00 0.8240E 00 0.4479E 01
38 0.2090E 02 0.2497L-00 0.8213E 00 0.44901E 01
39 0.2184E 02 0.2394E-00 0.8188E 00 C.4501E 01
40 0.2283E 02 0.2295E-00 0.8164E 00 0.4513E 01
41 0.2381E 02 0.22011-00 0.8140E 00 0.4525E 01
42 0.2495E 02 0.2110E-O0 0.8118L 00 0.4531L 01
43 0.260bE 02 0.2022E-00 0.8097E 00 0.4551E 01
44 0.2726E 02 0.1938E-00 0.8076E 00 0.4564F 01
45 0.2849E 02 0.1858E-00 0.8056E 00 0.4579L 01
46 0.2979E 02 0.1781E-00 0.8038E 00 0.4594L 01
47 0.3114E 02 0.1707E-O0 0.8019E 00 0.46091L 01
48 0.3255E 02 0.1636E-00 0.8002E GC 0.46261 01
49 0.3402E 02 0.1567E-00 0.7985E 00 0.46431 01
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GA/PHYS/63-5,6

OPTIMiUM MARSi. I-TRAJECTORY FOk( OR13ITAL RANGE f 1.1 TO 6.1

R FIR VR H
50 0.3556i 02 0.1502E-00 0.7969E 00 0.4661E. 01
51 0.3717E 02 0.1439E-00 0.7954E 00. 0.4679L 01
52 0.3886E 02 0.1379E-00 0.7939E 00 0.4699E 01
53 0.4062E 02 0.1321E-00 0.7925E 00 0.4719k 01
54 0.4246E 02 0.1266E-00 0.7912E 00 0.47402 01
55 0.4438E 02 0.1213E-00 0.7899E 00 0.4762E 01
56 0.4639E 02 0,1162E-00 0.7887E 00 0.4785E 01
57 0.4850E 02 0.1113E-00 0.7875E 00 0.4810L 01
58 0.5069E 02 0.1066E-00 0.7863E 00 0,48351 01
59 0.5299E 02 0.10212-00 0.7853E 00 0.4861E 01
60 0.5539E 02 0.9779E-01 0.7842E 00 0.4889E 01
61 0.5790E 02 0.9365E-01 0.7832E 00 0.4918E 01
62 0.6052E 02 0.8969E-01 0.7823- 00 0.4948E 01
63 0.6327E 02 0.8590E-01 0.7813E 00 0.4979E 01
64 0.6613E 02 0.8226E-01 0.7805E 00 0.5012 .01
65 0.6913E 02 0.7877E-01 0.7796E 00 0.5046E 01
66 0.7226E 02 0.7543f-01 0.7788E 00 0.5082E 01
67 0.7553E 02 0.7222E-01 0.7780E 00 0.512Qt 01
68 0.7896E 02 0.6915E-01 0.7773E 00 0.5159C 01
69 0.8253E 02 0.6621E-01 0.7766E 00 0.5200E 01
70 0.8621E 02 0.6339E-01 0.7759E 00 0.5242L 01
71 0.9018F 02 0.6069E-01 0.7753E 00 0.5287E 01
72 0.9421E 02 0.5811E-01 0.7747E 00 0.5334E 01
73 0.9854E 02 0.5563E-01 0.7741E 00 0.5383L 01
14 0.1030E 03 0.5325E-01 0.7735E 0 0.5434E 01
75 0.1077E 03 0.5098E-01 0.7730E 00 0.5487E 01
76 0.1126E 03 0.4880E-01 0.7724E 00 0.5543E 01
77 0.11172E 03 0.4 6 7 1E-01 0.7719E 00 0.5601E 01
78 0.1230E 03 0.4471E-01 0.7715E 00 0.5662E 01
79 0.1286E 03 0.4280E-01 0.7710E 00 0.5726E 01
80 0.1344E 03 0.4097E-01 0.7706E 00 0.5792E 01
81 0.1405E 03 0.3921E-01 0.7701E 00 0.5862L 01
b2 0.1468E 03 0.3153E-01 0.7697E 00 0.5934E 01
63 0.1535E 03 0.3592E-01 0.7694E 00 0.6010E 01
64 0.1604E 03 0.34382-01 0.7690E 00 0.6090C 01
85 0.1671E 03 0.3290E-01 0.7686E 00 0.6173C 01
bb 0.1753E 03 0.3149E-01 0.7683C 00 0.6259E 01
87 0.1832E 03 0.3014E-01 0.7680E 00 0.6350L 01
88 0.1915E 03 0.2884E-01 0.7677E 00 0.6445C 01
b9 0.2002E 03 0.2760h-01 0.7674L 00 0.6544E 01
90 0.2093E 03 0.2642E-01 0.7671E 00 0.6648E 01
91 0.2188E 03 0.2528E-01 0.7668E 00 0.6756E 01
92 0.2287E 03 0.2419F-01 0.7666E 00 0.68691 01
93 0.2391t 03 0.2315E-01 0.7663E 00 0.6987C 01
94 0.249,YE 03 0.2215E-01 0.7661E 00 0.7111E 01
95 0.2612t 03 0.21202-01 0.7659E 00 0.7240E 01
96 0.2730E 03 0.2029E-01 0.7656E 00 0.7375E 01
91 0.2854E 03 0.1941E-01 0.7654E 00 0. 15162 01
98 0.2984E 03 0.1858E-01 0.7652E 00 0.76642 01
99 0.3119E 03 0.1778E-01 0.7650E 00 0.7818C 01
100 0.3260E 03 0.1701E-01 0.7649E 00 0.79801 01
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GA/PHYS/63-5,6

OPTIMUM MARS It-TRAJECTOiRY FOR O-BITAL RANGE = 1.1 TO 6.1

CORRECTION RADII =- INNER ERRORS
R FIR VR H

2 0.3461E 01 0.1417E 01 0.1065E 01 0.3635E 01
3 0.3625E 01 0.1268E 01 0.1053E 01 0.3626E 01
4 0.3798E 01 0.1172E 01 0.1041E 01 0.3620E 01
5 0.3978E 01 0.1097E 01 0.1029E 01 0.3615E 01
6 0.4167E 01 0.1033L 01 0.1018c 01 0.3610E 01
7 0.4364E 01 0.9766E 00 0.10071E 01 0.3606E 01
8 0.4572E 01 0.9260k 00 0.9971E 00 0.3602C 01
9 0.4789E 01 0.8800E 00 0.9871E 00 0.3598E 01

10 0.501bE 01 0.8376E 00 0.9775E 00 0.3594L 01
11 0.5254E 01 0.7983C 00 0.9682E 00 0.3590E 01
12 0.5504E 01 0.7616E 00 0.9593E 00 0.3586E 01
13 0.5765E 01 0.7272E 00 0.95071 Co 0.3582F 01
14 0.6039E 01 0.6949E 00 0.9423F 00 0.3577L 01
15 0.6325b 01 0.6643E 00 0.9343E 00 0.3513E 01
16 0.6625E 01 0.6353E 00 0.9266E 00 0.3569E 01
17 0.6940E 01 0.6079E 00 0.91921 00 0.3564E 01
18 0.7269E 01 0.5818E 00 0.9121f 00 0.3560E 01
19 0.7615E 01 0.5569E 00 0.9052E 00 0.3555E 01
20 0.7976E 01 0.5332E 00 0.8986E 00 0.3550E 01
21 0.8355E 01 0.51061- 00 0.89231 00 0.3545E 01
22 0.8751E 01 0.4891E-00 0.8862E 00 0.3540C 01
23 0.9167E 01 0.4684E-00 0.8803E 00 0.3535E 01
24 0.9602E 01 0.4487E-00 0.8747E 00 0.3529E 01
25 0.1006E 02 0.4298E-00 0.86931 00 0.3524t 01
26 0.1054E 02 0.4118E-00 0.8641L 00 0.351bE 01
27 0.1104E 02 0.3945E-00 0.8591E 00 0.3512[ 01
28 0.1156E 02 0.3779E-00 0.8543E 00 0.3505F 01
29 0.1211E 02 0.36201--00 0.8497E 00 0.3499E 01
30 0.1268E 02 0.3468[-00 0.8453E 00 0.3492L 01
31 0.1326E 02 0.3322E-00 0.8410E 00 0.3485E 01
32 0.1392E 02 0.3182E-00 0.8370E 00 0.3477C 01
33 0.1456E 02 0.30471-00 0.8331E 00 0.3469E 01
34 0.1527E 02 0.2919E-00 0.8293E 00 0.3461F 01
35 0.1599E 02 0.2795E-00 0.8257E 00 0.3453E 01
36 0.1675E 02 0.2677E-00 0.8223E 00 0.3444E 01
37 0.1755E 02 0.2563E-00 0.8190E 00 0.34340 01
38 0.1838E 02 0.2454E-00 0.8159E 00 0.3425E 01
39 0.1925E 02 0.2350E-00 0.8128E 00 0.3415E 01
40 0.2017E 02 0.2250t:-00 0.8099E 00 0.3404E 01
41 0.2112E 02 0.21531-00 0.8071[ 00 0.3393E 01
42 0.2213E 02 0.20611-00 0.8045E 00 0.3382C 01
43 0.2318E 02 0.1973E-00 0.8019E 00 0.3370E 01
44 0.2428E 02 0.1888E-00 0.79951- 00 0.3357L 01
45 0.2543E 02 0.1807E-00 0.7972E 00 0.3344E 01
46 0.2664E 02 0.1729E-00 0.7949E 00 0.33301 01
47 0.2790E 02 0.1655E-00 0.7928E 00 0.3316E 01
'8 0.2923E 02 0.1583E-00 0.7907E 00 0.3301E 01
49 0.3061E 02 0.1515E-00 0.7888[ 00 0.3285E 01
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GA/PHYS/63-5,6

OPTIMUM MARS H-TRAJECTORY FOR OUBIPAL WANGE = 1.1 TO 6.1
R FIR VR H

50 0.3207E 02 0.1449E-00 0.7869k 00 0.3268E 01
51 0.3359E 02 0.1386E-00 0.7851E 00 0.3251E 01
52 0.3519E 02 0.1326E-00 0.7834E 00 0.3233E 01
53 0.3686E 02 0.1268E-00 0.7817E 00 0.3214[ 01
54 0.3861E 02 0.1213E-00 0.7801E 00 0.3195E 01
55 0.4044E 02 0.1160E-00 0.7786E 00 0.3174E 01
56 0.4236E 02 0.1109E-00 0.7772E 00 0.3152E 01
57 0.4437E 02 0.1060E-00 0.7758E 00 0.3130E 01
58 0.4647E 02 0.1014E-00 0.7745E 00 0.3106E 01
59 0.4868E 02 0.9694E-01 0.7732E 00 0.3081E 01
60 0.5099E 02 0.9268E-01 0.7720E 00 0.3055E 01
61 0.5341E 02 0.8860E-01 0.7709E 00 0.3028E 01
62 0.5595E 02 0.8470E-01 0.7698E 00 0.2999E 01
63 0.5860E 02 0.8096E-01 0.7687E 00 0.2970L 01
64 0.6139E 02 0.7739E-01 0.7677E 00 0.29381: 01
65 0.6430E 02 0.7397E-01 0.7668E 00 0.2906k 01
66 0.6735E 02 0.7069E-01 0.7658E 00 0.2871L 01
67 0.7055E 02 0.6756E-01 0.7650E 00 0.2835L 01
68 0.7390E 02 0.6457E-01 0.7641E 00 0.2798E 01
69 0.7741E 02 0.6170E-01 0.7633L 00 0.2758C 01
70 0.8108E 02 0.5896E-01 0.7625E 00 0.2717L 01
71 0.8493E 02 0.5634E-01 0.7618E 00 0.2674E 01
72 0.8896E 02 0.5383E-01 0.7611E 00 0.26291 01
73 0.9319E 02 0.5144E-01 0.7604E 00 0.2582L: 01
74 0.9761E 02 0.4915E-01 0.7598E 00 0.2532cC 01
75 0.1022E 03 0.4695E-01 0.7592E 00 0.2480E 01
76 0.1071E 03 0.4486E-01 0.7586E 00 0.2426L 01
77 0.1122E 03 0.4286E-01 0.7580E 00 0.2369t 01
78 0.1175E 03 0.4094E-01 0.7575E 00 0.2309E 01
79 0.1231E 03 0.3911E-01 0.7570E 00 0.2247E 01
80 0.1289E 03 0.3736E-01 0.7565E 00 0.2181[ 01
81 0.1351E 03 0.3569E-01 0.7561E 00 0.2113b 01
82 0.1415E 03 0.3409E-01 0.7556E 00 0.2041L 01
63 0.1482E 03 0.3256E-01 0.7552E 00 0.1966E 01
84 0.1552E 03 0.3110E-01 0.7548E 00 0.1887E 01
85 0.1626E 03 0.2971E-01 0.7544E 00 0.1804t 01
86 0.1703E 03 0.2838E-01 0.7540E 00 0.17188 01
87 0.1784E 03 0.2710E-01 0.7537E 00 0.1627E 01
88 0.1869E 03 0.2589E-01 0.7533E 00 0.1532C 01
89 0.1957E 03 0.2472E-01 0.7530E 00 0.1433E 01
90 0.205UE 03 0.2361E-01 0.7527E 00 0.1329E 01
91 0.2147E 03 0.2255E-01 0o7524E 00 0.12206 01
92 0.2249E 03 0.2154E-01 0.7521E 00 0.1106[ 01
93 0.235bE 03 0.2057E-01 0.7519E 00 0.9865E 00
94 0.2468E 03 0.1964E-01 0.7516E 00 0.8613E 00
95 0.2585E 03 0.1876E-01 0.7514E 00 0.7301E 00
96 0.2708E 03 0.1791E-01 0.7511E 00 0.5928E 00
97 0.2831E 03 0.1711E-01 0.7509E 00 0.4489E-00
98 0.2971E 03 0.1634E-01 0.7507E 00 0.2981E-00
99 0.3112E 03 0.1560E-01 0.7505E 00 0.1403E-00

100 0.3260E 03 0.1490E-01 0.7503E 00 -0.2512E-01
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GA/PHYS/63-5,6

OPTIPUM MARS H-TRAJECT(.'RY FOR ORBITAL RANGE =1.1 TO 6.1

POSSIBLE ORBITAL IMPULSES (DV/VCS)-- INNER ERRORS

FC( 2)= 0.5277E 00 RO= 0.3395E 01
FU( 3)= 0.5278E 00 RO= 0.3385E 01
FC( 4)= 0.5278E 00 RO= 0.3377E 01
FO 5)= 0.5278L 00 R0= 0.3371E 01
FU( b)= 0.5278E 00 RO= 0.3365E 01
FO 7)= 0.5278E 00 RO= 0.3360E 01
FU( 8)= 0.5278E 00 RO= 0.3354E 01
FCC 9)= 0.5278E 00 RO= 0.3349E 01
FCC 10)= 0.5278E 00 RO= 0.3344E 01
FO( 11)= 0.5278E 00 RO= 0.3339E 01
FOC 12)= 0.5278E 00 RO= 0.3334E 01
FO( 13)= 0.5278E 00 RD= 0.3329E 01
FO 14)= 0.5278E 00 RO= 0.3324E 01
F[J( 15)= 0.5278E 00 RO= 0.3318E 01
FO( 16)= 0.5279E 00 RO= 0.3313E 01
FC( 17)= 0.5279E 00 RO= 0.3307E 01
FC( 18)= 0.5279C 00 RO= 0.3302E 01
FCC 19)= 0.5279E 00 RO= 0.3296k 01
FO( 20)= 0.5279E 00 RO= 0.3290E 01
FO( 21)= 0.5279E 00 RO= 0.3284E 01
FOC 22)= 0.5279E 00 RD= 0.3277E 01
FO( 23)= 0.5279E 00 RD= 0.3270E 01
FU( 24)= 0.579E 00 R0= 0.3264E 01
FC( 25)= 0.5280L 00 RO= 0.3256E 01
FU( 26)= 0.5280C 00 RO= 0.3249E 01
FO( 27)= O.5280E 00 RO= 0.3241E 01
FC( 28)= 0.5280E 00 RO= 0.3233C 01
FC( 29)= 0.5280E 00 RC= 0.3225E 01
FO( 30)= 0.5281E 00 RC= 0.3216E 01
FO( 31)= 0.5281L 00 RC= 0.3207E 01
FC( 32)= 0.5281E 00 RO= 0.3198E 01
FC( 33)= 0.5281E 00 RO= 0.3188E 01
FU( 34)= 0.5281E 00 RO= 0.3178E 01
FO( 35)= 0.5282E 00 RO= 0.3167E 01
FCC 361= 0.5282E 00 R0= 0.3156E 01
FC( 37)= 0.5282E 00 RO= 0.3145k 01
FO( 38)= 0.5283t 00 RO= 0.3133E 01
FOI 39)= 0.5283E 00 R0= 0.3120L 01
FC( 40)= 0.5284E 00 R0= 0.3107E 01
FO( 411= 0.5284E 00 RO= 0.3093E 01
FO( 42)= 0.5285E 00 R0= 0.3079E 01
FOC 43)= 0.5285E 00 RO= 0.3064E 01
FO( 44)= 0.5286E 00 K0= 0.3048E 01
FO( 45)= 0.5286k 00 RO= 0.3032E 01
FO( 46)= 0.5287E 00 R0= 0.3015E 01
F01 47)= 0.5288E 00 RO= 0.2997E 01
FC( 48)= 0.5289E 00 RD= 0.2978E 01
FCC 49)= 0.5289E 00 RO= 0.2959E 01

3o6



GA/PHYS/63-5,6

OPTIMUM MARS f-TRAJECTORY FOR ORBITAL RANGE = 1.1 TO 6.1

FO( 50)= 0.5290E 00 R0= 0.2938E 01
FCC 51)= 0.5291E 00 RO= 0.2917E 01
FC( 52)= 0.5293b 00 RO= 0.2894E 01
FC( 53)= 0.5294E 00 RD= 0.2871E 01
FO( 54)= 0.5295E 00 RO= 0.2847E 01
FCC 55)= 0.5291E 00 RO= 0.2821E 01
FCC 56)= 0.5298E 00 K= 0.2794E 01
FC( 57)= 0.5300E 00 RO= 0.2767E 01
FO( 58)= 0.5302E 00 RO= 0.2737E 01
FC( 59)= 0.5305E 00 RD= 0.2707E 01
FC( 60)= 0.5307E 00 RO= 0.2675E 01
FCC 61)= 0.5310E 00 RO= 0.2641E 01

FCC 62)= 0.5313E 00 RO= 0.2607E 01
FOC 63)= 0.5316E 00 RO= 0.2570E 01
FCC 64)= 0.5320E 00 RD= 0.2532E 01
FCC 65)= 0.5325E 00 RO= 0.2492E 01
FO( 66)= 0.53291: 00 RO= 0.2450E 01
FO( 67)= 0.5335E 00 RO= 0.2407E 01
FCC 68)= 0.5341E 00 RO= 0.2361E 01
FO 69)= 0.5347E 00 RO= 0.2314C 01
FU( 70)= 0.5355E 00 RO= 0.2264E 01
FCC 71)= 0.5363E 00 R0= 0.2213E 01
FCC 72)= 0.5373E 00 RO= 0.2158E 01
F0( 73)= 0.5384E 00 RO= 0.2102E 01
FCC 74)= 0.5396E 00 RD= 0.2043E 01
FOC 75)= 0.5410E 00 RO= 0.1982E 01
FO( 76)= 0.5427E 00 RO= 0.1918E 01
FCC 77)= 0.5445C 00 RO= 0.1851E 01
FO 78)= 0.5467E 00 RO= 0.1782E 01
FO( 79)= 0.5492E 00 RO= 0.1710E 01
FCC 80)= 0.521E 00 RD= 0.1635E 01
FO 81)= 0.5556L 00 RO= 0.1557E 01
FCC 82)= 0.5596E 00 RO= 0.1476E 01
F( 83)= 0.5644E 00 RD= 0.1392E 01
FCC 84)= 0.5701E 00 RO= 0.1305E 01
FUC 85)= 0.5169L 00 RO= 0.1216E 01
FU( 86)= 0.5652E 00 RO= 0.1124E 01
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GA/PHiYS/63-5,6

OPTIiUM MARS H-TRAJECTORY FOR ORBITAL RANGE = 1.1 IX) 6.1

POSSIBLE ORBITAL IMPULSES (DV/VCS)-- OUTER ERRORS

FCC 2)= 0.5390E 00 RO- 0.4125E 01
FO( 3)- 0.5390E 00 RkO 0.4136E 01
FC( 4)- 0.5391E 00 ROa 0.4144E 01
FO( 5)= 0.5391E 00 RD0 0.4151E 01
FC( 6)= 0.5391E 00 RD= 0.4157E 01
FO( 7)= 0.5391L 00 RD= 0.4163E 01
FO( 8)= 0.5391E 00 RD= 0.4169E 01
FU( 9)= 0.5391E 00 R0 0.4175E 01
FC( 10)= 0.5392E 00 RD= 0.4181E 01
FO( 11)= 0.5392E 00 RO= 0.4187E 01
FO( 12)= 0.5392E 00 RD= 0.4193E 01
FO( 13)= 0.5392E 00 RO= 0.4198E 01
FC( 14)= 0.5392E 00 R(= 0.4204E 01
FO( 15)= 0.5392E 00 RO= 0.4211t: 01
FCC 16)= 0.5393E 00 RD= 0.4217E 01
FO( 17)= 0.5393E 00 RD= 0.4223E 01
FC( 18)= 0.5393E 00 RU= 0.4230E 01
FOC 19)= 0.5393E 00 RU= 0.4237E 01
FO( 20)= 0.5393E 00 RD= 0.4243E 01
FO( 21)= 0.5394L 00 RD= 0.4251E 01
FC( 22)= 0.5394E 00 RD= 0.4258E 01
FO( 23)= 0.5394E 00 RD= 0.4266E 01
FC( 24)= 0.5394E 00 RD= 0.4273E 01
FO( 25)= 0.5395E 00 RD= 0.4282E 01
FCC 26)= 0.5395E 00 RU. 0.4290E 01
FO( 27)= 0.5395E 00 RD= 0.4299E 01
FO( 28)= 0.5395E 00 RD= 0.4308E 01
FO( 29)= 0.5396E 00 RD= 0.4317E 01
FO( 30)= 0.5396E 00 RU= 0.4327E 01
FU( 31)= 0.5396E 00 RD= 0.4337E 01
FO( 32)= 0.5397E 00 RO= 0.4348E 01
FO( 33)= 0.5397E 00 RD= 0.4359E 01
FO( 34)= 0.5397E 00 RD= 0.4370E 0l
FC( 35)= 0.5398E 00 RD= 0.4382E 01
FO( 36)= 0.5398E 00 RD= 0.4395E 01
FO( 37)= 0.5399E 00 RD= 0.4408E 01
FO( 38)= 0.5399E 00 RD= 0.4421E 01
FO( 39)= 0.5400E 00 RD= 0.4435E 01
FC( 40)= 0.5400E 00 RD= 0.4450E 01
F0( 41)= 0.5401E 00 RD= 0.4465E 01
FO( 42)= 0.5401E 00 RO= 0.4481E 01
FO( 43)= 0.5402E 00 RO= 0.4498E 01
F0C 44)= 0.5402E 00 RD= 0.4515E 01
FO( 45)= 0.5403E 00 RD= 0.4534E 01
FO( 46)= 0.5404E 00 RD= 0.4553E 01
FO( 47)= 0.5405E 00 RD= 0.4572E 01
FO( 48)= 0.5405E 00 RD= 0.4593E 01
FC( 49)= 0.5406E 00 RO= 0.4615E 01
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GA/PHYS/63-5,6

OPTI U, MARS h-TRAJECTORY FOR ORBITAL RANGE = 1.1 TO 6.1

FO( 50)= 0.5407E 00 RO= 0.4637E 01
FO( 51)= 0.5408E 00 RO= 0.4661E 01
FO 521= 0.5409E 00 RO= 0.4685E 01
FU( 53)= 0.5410E 00 RO= 0.4711E 01
FO( 54)= 0.5411E 00 RO= 0.4738E 01
FU( 55)= 0.5412L 00 RO= 0.4766E 01
Fti( 56)= 0.54131 00 RO= 0.4795E 01
FO( 57)= 0.5414E 00 RO= 0.4826E 01
FO( 5b)= 0.5416E 00 RD= 0.4858E 01
FUC 59)= 0.5417E 00 RO= 0.4891E 01
FO( 60)= 0.5419E 00 RO= 0.4926E 01
F( 61)= 0.5420E 00 RO= 0.4963E 01
FO 62)= 0.5422E 00 RO= 0.5001E 01
FO( 63)= 0.5423E O0 RO= 0.5041E 01
FO( 64)= 0.5425E 00 RU= 0.5083E 01
FC( 65= 0.5421E 00 RO= 0.5126E 01
FO( 66)= 0.5429E 00 RO= 0.5172E 01
FCC 67)= 0.5431L 00 RO= 0.5219E 01
FUC 68)= 0.5434E 00 RO= 0.5269E 01
FO( 69)= 0.5436E 00 RO= 0.5321E 01
FUC 70)= 0.5439E 00 RO= 0.5376E 01
FO 71)= 0.5441E 00 RO= 0.5433E 01
FO( 72)= 0.5 4 4 4E 00 RO= 0.5493E 01
FO( 73)= 0.5447E 00 RO= 0.5555Z 01
FOC 74)= 0.5450E 00 RO= 0.5620E 01
FGC 75)= 0.5453E 00 Rf= 0.5688E 01
F( 76)= 0.5457E 00 RO= 0.5760E 01
FC( 77)= 0.5460E 00 RO= 0.5834E 01
FO( 78)= 0.5464E 00 RO= 0.5912E 01
FO( 79)= 0.5468E 00 RO= 0.5994E 01
FC( 80)= 0.5472E 00 RO= 0.6079E 01
FO( 81)= 0.5477h 00 RO= 0.6168E 01
FO( 82)= 0.5481 00 RO= U.6261E 01
FC( 83)= 0.5486E 00 RO= 0.6359E 01
F,( 84)= 0.5491E 00 RD= 0.6461E 01
FO( 85)= 0.5497L 00 RO= 0.6567E 01
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GA/PHYS/63-5,6

OPTINITi MARS h-TRAJECTORY FOR ORBITAL RANGE 1.1 To 6.1

CURRECIION RADII -- OUTER ERRORS
R FIR VR H

2 0.5239E 01 0.1501E 01 0.9068L 00 0.4743E 01
3 0.5464L 01 0.1308E 01 0.8981E 00 0.4758L 01
4 0.5700E 01 0.1207E 01 0.8896E 00 0.47-65C 01
5 0.5945E 01 0.1130E 01 0.8814E G0 0.4772E 01
6 0.6201C 01 0.1065E 01 0.8735E 00 0.4778L 01
7 0.6466E 01 0.1009E 01 0.6659E 00 0.4783C 01
8 0.6746E 01 0.9584b 00 0.8585E 00 0.4788E 01
9 0.7037E 01 0.9126E 00 0.8513E 00 0.4793L 01

10 0.7340E 01 0.6705E 00 0.8444E 00 0.47984 01
11 0.7656E 01 0.8315t 00 0.8377E 00 0.4803E 01
12 0.798bE 01 0.7951E 00 0.8312E 00 0.4808E 01
13 0.8329E 01 0.7610E 00 0.8250F 00 0.4813E 01
14 0.668bE 01 0.7289t 00 0.8190E 00 0.4818C 01
15 0.9062E 01 0.6986E 00 0.8131L 00 0.4823E 01
16 0.9452E 01 0.6699E 00 0.8075E 00 0.4828E 01
17 0.9859E 01 0.6426E'00 0.8021E 00 0.4833L 01
18 0.1026E 02 0.6167E 00 0.7969E 00 0.4839C 01
19 0.1031E 02 0.5920E 00 0.7918E 00 0.4844E 01
20 0.1119E 02 0.5684E 00 0.7869E 00 0.4850C 01
21 0.1167E 02 0.5459E 00 0.7822E 00 0.4855E 01
22 0.1217E 02 0.5243E 00 0.7777E 00 0.4861E 01
23 0.1270E 02 0.5037E 00 0.7733E 00 0.486.7E 01
24 0.1324E 02 0.4840U-00 0.7691E 00 0.4874E 01
25 0.1381E 02 0.4650E-00 0.7650E 00 0.4880E 01
26 0.14412 02 0.4469E-00 0.7611E 00 0.4887L 01
27 0.1503E 02 0.4295t:-00 0.7574E 00 0.4894E 01
28 0.1567E 02 0.4121-00 0.7537E 00 0.4901L 01
29 0.1635E 02 0.3967E-00 0.7502L 00 0.4908E 01
30 0.1705[ 02 0.3813E-00 0.7468E 00 0.4916L 01
31 0.1779E 02 0.3664E-00 0.7436E 00 0.4924E 01
32 0.1855E 02 0.3522E-00 0.7405E 00 0.4932E 01
33 0.1935E 02 0.3385E-00 0.7375E 00 0.4940E 01
34 0.2018E 02 0.3253E-00 0.7346L 00 0.4949L 01
35 0.2105E 02 0.3127E-00 0.7318L 00 0.4958C 01
36 0.2196E 02 0.3005E-00 0.7291E 00 0.4968 01
37 0.2291E 02 0.2888E-00 0.72651 00 0.4978 01
38 0.2389£ 02 0.2775E-00 0.7240E 00 0.498h 01
39 0.2492E 02 0.2667E-00 0.7216L 00 0.4999E 01
40 0.2599E 02 0.2562E-00 0.7193E 00 0.50101: 01
41 0.2711E 02 0.2462E-00 0.7171E 00 0.5021E 01
42 0.282bE 02 0.23661-00 0.7150t 00 0.5033L 01
43 0.2950E 02 0.2273E-00 0.7130E 00 0.5046L 01
44 0.3077, 02 0.2184E-00 0.7110: 00 0.5059E 01
45 0.3209E 02 0.2098E-00 0.7091E 00 0.5072L 01
46 0.3347E 02 0.2015E-00 0.70731: 00 0.5086E 01
47 0.3491E 02 0.1936E-00 0.7055E 00 0.5101E 01
48 0.3642E 02 0.1859E-00 0.7039E 00 0.5116F 01
49 0.3799E 02 0.1786E-00 0.7022E 00 0.5132E 01
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GA/PHYS/63-5,6

OPTIMUMi MARS h-TRAJECTORY FOR ORBITAL RANGE = 1*1 TO 6. 1
R FIR Vit H

50 0.3962E 02 0.1715E-00 0.7007E 00 0.5149E 01
51 0.4133E 02 0.1647E-00 0.6992E 00 0.5166F 01
52 0.4311E 02 0.1582E-00 0.6978E 00 0.51841 01
53 0.4496E 02 0.1519E-00 0.6964E 00 0.5203E 01
54 0.4690E 02 0.1459E-00 0.6951E 00 0.5222E 01
55 0.4892E 02 0.1401E-00 0.6938E 00 0.5242OL 01
56 0.5102E 02 0.1345E-00 0.6926E 00 0.5264E 01
57 0.5322E 02 0.1291C-00 0.6914E 00 0.5286E 01
58 0.5551E 02 0.1240E-00 0.6903E 00 0.5309L 01
59 0.5790E 02 0.1190E-00 0.6892L 00 0.5333E 01
60 0.6039E 02 0.1143E-00 0.6882E 00 0.5358: 01
61 0.6299E 02 0.'1G97E-00 0.6872E 00 0.5384C 01
62 0.6510E 02 0.1053E-00 0.6862E 00 0.5411[ 01
63 0.6853E 02 0.1011E-00 0.6853E 00 0.5439E 01
64 0.7148E 02 0.9701E-O 0.6845E 00 C.5469E 01
65 0.7456E 02 0.9311E-01 0.6836E 00 0.5500E 01
66 0.7777E 02 0.8936L-01 0.6828E 00 0.5532C 01
67 0.8112E 02 0.8576E-01 0.6820E 00 0.5565E 0l
68 0.8461E 02 0.8230E-01 0.6813E C 0 0.5600E 01
69 0.8825E 02 0.7898E-01 0.6806E 00 0.5636e 01
70 0.9205L 02 0.7579E-01 0.6799E 00 0.5674C 01
71 0.9602E 02 0.7273E-01 0.6792E 00 0.5714L 01
72 0.1002E 03 0.6979E-01 0.6786E 00 0.5755F 01
73 0.1045E 03 0.6696E-01 0.6780J 00 0.5798h 01
14 0.1090E 03 0.6425E-01 0.6774E 00 0.5843E 01
75 0.1137E 03 0.6165E-01 0.6768E 00 0.5890C 01
76 0.1185E 03 0.5915E-01 0.6763E 00 0.5939C 01
77 0.1236E 03 0.5675E-01 0.6758E 00 0.5990E 01
78 0.129GE 03 0.5444E-01 0.6753E 00 0.6043L 01
79 0.1345E 03 0.5223E-01 0.6748E 00 0.6C98t 01
80 0.1403E 03 0.501OE-01 0.6744E 00 0.6156[ 01
81 0.1464E 03 0.4807E-01 0.6739E 00 0.6216E 01
82 0.1527E 03 0.4611E-01 0.6735E 00 0.6279E 01
83 0.1592E 03 0.4423E-01 0.6731L 00 0.6344E 01
84 0.1661E 03 0.4243E-01 0.6727E 00 0.64131 01
85 0.1732E 03 0.4070E-01 0.6723E 00 0.6484E 01
86 0.1807E 03 0.39C4E-01 0.6720E 00 0.6558E 01
87 U.1885E 03 0.3745E-01 0.6716E 00 0.6636E 01
88 0.1966E 03 0.3592E-01 0.6713C 00 0.6716L 01
89 0.205UE 03 0.3445E-01 0.6710L 00 0.6801 01
90 0.2139E 03 0.3304E-01 0.6707L 00 0.6889C 01
91 0.2231E 03 0.3169E-01 0.6704F 00 0.6980E 01
92 0.2327E 03 0.3040E-01 0.6701E GO 0.7076c 01
93 0.2427E 03 0.2915E-01 0.6699E 00 0.7176E 01
94 0.2532E 03 0.2796E-01 0.6696E 00 0.7280E G1
95 0.2641E 03 0.2681E-01 0.66941 00 0.1388E 01
96 0.2754E 03 0.2572E-01 0.6691E 00 0.7502E 01
97 0.2873E 03 0.2466E-01 0.6689E O0 0.7620L 01
98 0.2996E 03 0.2365E-01 0.6687E 00 0.7743E 01
99 0.3122E 03 0.2268E-01 0.6685E 00 0.1871C 01
100 0.3260E 03 0.2175L-01 0.6683L 00 0.8005E 01
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GA/PHYS/63-5,6

OPTIMUN MARS fk-TRAJECCHY FOR ORBITA\L RANGE = 1.1 TO 6.1

CORRECTION RADII -- INNER ERRORS

R FIR VR
2 0.4017E 01 0.14271 01 0.9817E 00 0.3894E 01
3 0.4201E 01 0.1277E 01 0.9705E 0 0.3884E 01
4 0.4394E 01 0.1182E 01 0.9597E CO 0.3878E 01
5 0.4595E 01 0.1108E 01 0.9493E 00 0.3873L 01
6 0.4806E 01 0.1044E 01 0.9392E 00 0.3868E 01
7 0.5027E 01 0.9888E 00 0.9294E 00 0.3864L 01
8 0.5257E 01 0.9389E 00 0.9199E 00 0.3859E 01
9 0.5499E 01 0.8934E 00 0.9108E 00 0.3855C 01

10 0.5751E 01 0.8516E 00 0.9020E 00 0-3851E 01
11 0.6015E 01 0.8127E 00 0.8935E 00 0.3847t 01
12 0.6291E 01 0.7764E 00 0.8853E 00 0.3842E 01
13 0.6579E 01 0.74231 00 0.8774E 00 0.3838E 01
14 0.6881E 01 0.7103E 00 0.8698E 00 0.38341 01
15 0.7191E 01 0.6799E: 00 0.8624L 00 0.3830E 01
16 0.7527E 01 0.6512E 00 0.8553E 00 0.3825E 0l
17 0.7813E 01 0.6239E 00 0.8485E 00 0.3821E 01
18 0.8234E 01 0.5980E 00 0.8419E 00 0.3816E 01
19 0.8b12E 01 0.5733L 00 0.8355: 00 0.3811E 01
20 0.9007E 01 0.5497E 00 0.8294E 00 0.3807E 01
21 0.9420E 01 0.5271E 00 0.8235E 00 0.3802L 01
22 0.9852E 01 0.5056E 00 0.8178E 00 0.3796E 01
23 0.1030E 02 0.4850E-00 0.8124E 00 0.3791E 01
24 0.1078E 02 0.4653E-00 0.8071E 00 0.3785E 01
25 0.1127E 02 0.4463E-00 0.8021E 00 0.3780E 01
26 0.1179E 02 0.4282E-00 0.7972E 00 0.3774E 01
27 0.1233L 02 0.4108E-00 0.7925E G0 0.3768E 01
28 0.1290E 02 0.3942E-00 0.7880E 00 0.3761E 01
29 0.1349E 02 0.3782E-00 0.7837k 00 0.3755b 01
30 0.1411E 02 0.3628E-00 0.7795E 00 0.3748E 01
31 0.1475E 02 0.3481E-00 0.7755E 00 0.3741E 0l
32 0.1543E 02 0.3339E-00 0.7717E 00 0.3733L 01
33 0.1614E 02 0.3203E-00 0.7680E 00 0.3726E 01
34 0.168bE 02 0.3073E-00 0.7644E 00 0.3718E 01
35 0.1765E 02 0.2947E-00 0.7610E 00 0.37091 01
36 0.1846E 02 0.2827E-00 0.7578E 00 0.3701C 01
37 0.1931E 02 0.27111E-00 0.7546E 00 0.3691C 01
38 0.2020E 02 0.26C0E-00 0.7516E 00 0.3682L 01
39 0.2112E 02 0.2493E-00 0.7487E 00 0.3672E 01
40 0.2209E 02 0.2391E-00 0.7459E 00 0.3662C 01

a 41 0.2311E 02 0.2292E-00 0.7433E 00 0.3651E 01
42 0.2417E 02 0.2198E-00 0.7407E 00 0.3640E 01
43 0.2527E 02 0.2107E-00 0.7382E 00 0.3628L 01
44 0.2643E 02 0.2020E-00 0.7359E 00 0.3616E 01
45 0.2765E 02 0.1936E-00 0.7336E 00 0.3604k 01
46 0.2892E 02 0.1856[-00 0.7315E 00 0.3590E 01
47 0.3024E 02 0.1779E-00 0.7294E 00 0,3576E 01
48 0.3163E 02 0.1704E-00 0.7274E 00 0.3562. 01
49 0.3308 E 02 0.1633E-00 0.7255k 00 0.3547E 01
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(,PTINMfl' 1"AkS h-T-HAJECTORiY j'Gl ORB3ITAL ! \NGFr 1.1 1X) 6.*1L
R FIll VR H

50 0.3460E 02 0.1565E-00 0.7237E 00 0.353JE 01
51 0.3619E 02 0.1500E-00 0.7219E 00 0.3515E 01
52 0.3785E 02 0.1437E-00 0.7202L 00 0.3497E 01
53 0.3958E 02 0.1376C-00 0.7186E 00 0.3479C 01
54 0.414CE 02 0.1318E-00 0.7171L 00 0.3461E 01
55 0.4330E 02 0.1263E-00 0.7156F 00 0.3441E 01
56 0.4529E 02 0.12100-00 0.7142E 00 0.3421f: 01
51 0.4736E u2 0.1159E-00 0.7128E 0 0.3399E 01
58 0.4954E 02 0.11IOE-00 0.7115L 00 0.3377C 01
59 0.5181E 02 0,1063E-00 0.7103F 00 0.3353L 01
60 0.5419E 02 0.1017E-O0 0.7091L 00 0.3329E 01
61 0.5667E 02 0.9742E-01 0.7079E 00 0.3303E 01
62 0.5927E 02 0.9328E-01 0.7068E 00 0.3276E 01
63 0.6199E 02 0.8931E-01 0.7058E 00 0.3248E 01
64 0.6484E 02 0.8551E-01 0.7048E 00 0.3219E 01
65 0.6781E 02 0.8186E-01 0.7038E 00 0.3189E 01
66 0.70920 02 0.7836E-01 0.7029E 00 0.3157E 01
67 0.7416E 02 0.7501E-01 0.7020E CO 0.3123E 01
68 0.7758E 02 0.7180E-01 0.7012E 00 0.3088E 01
69 0.8114E 02 0.6873E-01 0.7004E 00 0.3052E 01
70 0.848bE 02 0.6578E-01 0.6996E 00 0.3014E 01
71 0.8876E 02 0.6296E-01 0.6989E 00 0.2974E 01
72 0.9263E 02 0.6025E-01 0.6982E 00 0.2932E 01
73 0.9709E 02 0.5766E-01 0.6975E 00 0.2888E Oi
74 0.1015E 03 0.5518E-01 0.6968E 00 0.2842E 01
75 0.1062E 03 0.5280E-01 0.6962E 00 0.2795E 01
76 0.1111E 03 0.5053F-01 0.6956E 00 0.2745E 01
77 0.1162E 03 0.4835E-01 0.6950E 00 0.2692E 0l
78 0.1215E 03 0.4626E-01 0.6945L 00 0.2638E 01
19 0.1271E 03 0.4427E-01 0.6940E 00 0.2581E 01
80 0.1329E 03 0.4235E-01 0.6935E 00 0.2521E 01
81 0.139uE 03 0.4052E-01 0.6930E 00 0.2458L 01
82 0.1454E 03 0.3871E-01 0.6926[ 00 0.2393E 01
83 0.1521C 03 0.3709E-01 0.6921E 00 0.2325C 01
84 0.1590L 03 0.3548E-01 0.6917E 00 0.2253E 01
85 0.1663E U3 0.3395E-01 0.6913E 00 0.2178E 01
86 0.1740F 03 0.3247E-01 0.6909E OC 0.2100E O
87 0.1819E 03 0.3107E-01 0.6906E 00 0.2019E Ol
88 0.1903E 03 0.2972E-01 0.6902E 00 0.1933E 01
89 0.199UE 03 0.2843E-01 0.6899E 00 0.1844E 01
90 0o2082E 03 0.2719t--01 0.6896E 00 0.1750t 01
91 0.2177E 03 0.2601E-01 0.6892E 00 0.1652E 01 A
92 0.2271E 03 0.2488E-01 0.6890E 0 0.1550C 01
93 0.2381E 03 0.2380E-01 0.6887E UO 0.1443E 01
94 0.2491E 03 0.2276E-01 0.6884F 00 0.1331E 01
95 0.2605E 03 0.2177E-01 0.6882E 00 0.1214E 01
96 0.2724E 03 0.2082E-01 0.6879E 00 0.1092E 01
97 0.2849E 03 0.1992E-01 0.6877E 0 0.9637E 00
98 0.2980E 03 0.1905E-01 0.6874E 00 0.8298E O0
99 0.3117L 03 0.1822E-01 0.6872E 00 0.6898E 00
1O 0.3260E 03 0.1742L-01 0.6870C O0 0.5434E 00



GA/P-YS/63-5,6

OPTIMUN NARS h-TRAJECT OY FOR ORBITAL RANGE = 1.1 o' 6.1

POSSIBLE ORBITAL IMPULSES (DV/VCS)-- OUTER ERRORS

FCC 2)= 0.4699E-00 RO= 0.5229E 01
FU( 3)= 0.4699E-00 RO= 0.5249E 01
FO( 4)= 0.4699E-00 RO= 0.5260E 01
FCC 5) = 0.4699E-00 Rr)= 0.5270E 01

FCC 6)= 0.4699E-00 RO= 0.5278E 01
FU 1) 0.4100E-00 RO= 0.5286E 01

FGC 8)= 0.41OOE-00 RO= 0.5293E 01
FO( 9)= 0.4700E-00 RO= 0.5300E 01
FU( 10)= 0.4700E-00 RO= 0.5308E 01

FU( 11)= 0.4700E-00 RC= 0.5315E 01
F0C 12)= 0.4700E-00 RO= 0.5322E 01
FO( 13)= 0.4700E-00 RO= 0.5329E 01

FO 14)= 0.41OOE-00 RO= 0.5336E 01
FO 15)= 0.4701E-00 RO= 0.5343E 01
FCC 16)= 0.4701C-00 RO= 0.5350E 01
FCC 17)= 0.4701E-00 KO= 0.5358E 01
FU( 18)= 0.4701E-00 kO= 0.5366E 01
FO( 19)= 0.4701E-00 RO= 0.5373E 01

FO( 20)= O.4701E-00 RO= 0.5381E 01
FCC 21)= 0.4701E-00 R0= 0.5390E 01

FOC 22)= 0.4701E-00 RO= 0.5398E 01

FO 23)= .0.4102E-00 RO= 0.5407E 01
FOC 24)= 0.4702E-00 RO= 0.5416E 01
FO( 25)= 0.4702E-00 RO= 0.5425E 01
FO( 26)= 0.47021-00 KO= 0.5435E 01

FO 27)= 0.4702E-00 RO= 0.5445E 01
FC( 28)= 0.4102E-00 RO= 0.5455E 01

FO( 29)= 0.4703:-O0 RO= 0.5466E 01

FUC 30)= 0.4703E-00 RO= 0.5476E 01
FO' 31)= 0.4703E-00 RO= 0.5488E 01

FO 32)= 0.4703E-00 RO= 0.5500E O
FU( 33)= 0.4704E-00 RO= 0.5512E 01
FO 34)= 0.4704E-00 RO= 0.5525E 01

FO( 35)= 0.4704E-00 KO= 0.5538E 01
FO( 36)= 0.4704E-00 RO= 0.5552E 01
FO( 37)= 0.4705E-00 RO= 0.5566E 01

FC( 38)= 0.4705E-00 RO= 0.5581E 01
FO( 39)= 0.4105E-00 RO= 0.5596E 01

FO 40)= 0.4706E-00 RO= 0.5612E 01

FCC 41)= 0.4706E-00 RO= 0.5629E 01

FO 42)= 0.47061-00 RO= 0.5646E 01

FO 43)= 0.4/OE-O0 RO= 0.5664E 01

FUC 44)= 0.4707E-00 R0= O.5683E 01

FO( 45)= 0.4707E-00 RO= 0.5702E 01

FOC 46)= 0.4708E-00 R0= 0.5723[ 01
FOC 47)= 0.4708E-00 RO= 0.5744E 01

FO 48)= 0.4709E-00 RO= 0.5766E 01

FOC 49)= 0.4709E-00 RD= 0.57e9E 01
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Oi)PIININ MAIRS ki-'rRAJCTORY FOR ORBITAL RANGE = 1.1 TO 6.1

FCC 50)z 0.4110E-00 RO= 0.5813E 01
FCC 51)- 0.4710--00 RO= 0.583BE 01
F( 52)z 0.4711E-00 Rn 0.5864E 01
FC( 53)= 0.4112E-00 RD= 0.5891E Ol
FCC 54)= 0.4112L-00 RD= 0.5919E 01
FCC 55)= 0.4113E-00 PO= 0.594BE 01
F( 56)= 0.4714E-00 RD= 0.5979E 01
FC( 57)= 0.4115E-00 RO= 0.6011E 01
FO( 58J= 0.4 715 c-00 RO= 0.6044E 01
FUC 59)= 0.4716E-00 R0= 0.6079E 01
FCC bO)= 0.4717L-00 RD= 0.6115E 01
FOC 61)= 0.4718E-00 Ri= 0.6153E 01
FO( 62)= 0.4719E-00 RO= 0.6193E 01
FCC 63)k 0.4720E-00 RO= 0.6234E 01
FCC 64)k 0.4721E-00 RO= 0.6277E 01
FOC 65)= 0.4123E-00 R0= 0.6321E 01
FUC 66)= 0.4724E-00 RO= 0.6368E 01
FMC 67)= 0.4725E-00 RO= 0.6417E 01
FC( 681= 0.4727C/-00 RO= 0.6468E 01
FC( 69)- 0.4128E-00 KO- 0.6520E 01
FC( 70)- 0.4730E-00 KO= 0.6576E 01
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GA/PIIYS/63-5,6

OPTIMINUi I-ARS H-TRAJECTORY FOR ORBITAL : ANGE = I.i TO 6.1

POSSIBLE ORBIfAL IMPULSES CDV/VCS)-- INNER ERRORS

FO( 2)= 0.4b29E-00 RD= 0.3948E 01
FO( 3.)= 0.4629E-00 RC = 0.3936E 01
FC( 4)= 0.4829E-O0 RU= 0.3927E 01
FCC 5)= 0.4629E-O0 RO= 0.3920E 01
FO 6)= 0.4529E-00 RO= 0.3913E 01
FO( 7)= 0.4829E-00 RO= 0.3907E 01
FO( 8)= 0.4b29h-GO R[}= 0.3901E 01
FO( 9)= 0.4629E-00 RO= 0.3896E 01
FO( 10)= 0.4629E-00 RC= 0.3890L ,01
FO( ll)= 0.4829E-00 RC= 0.3884E 01
FO( 12)= 0.4830E-00 RO= 0.3878E 01
FU( 13)= 0.4830L-00 RD= 0.3873E 01
FGC 14)= 0.4630E-00 RU= 0.3867E 01
FC( 15)= 0.4b30E-CO RC= 0.3861E 01
FOC 16)= 0.4830E-0O RC= 0.3855E 01
FO( 17)= 0.4830E-00 RD= 0.3849E 01
FU( 18)= 0.4830E-00 RC= 0.3842E 01
FO( 19)= 0.4630E-00 RO= 0.3836E 01
FO( 20)= 0.4830E-00 RO= 0.3829E 0l
FO( 21)= 0.4631E-00 RC= 0.3822C 01
FO( 22)= 0.4831E-00 RO= 0.3815E 01
FO( 23)= 0.4831E-00 RD= 0.3808E 01
FO( 24)= 0.4831E-00 RO= 0.3800E 01
FO 25)= 0.4831E-00 RO= 0.3793E 01
FC( 26)= 0.4831E-00 RO= 0.3785E 01
FCC 27)= 0.4b3lE-00 RC= 0.3776L 01
F( 28)= 0.4632E-00 RC= 0.3768E 01
FO 29)= 0.4832E-00 R0= 0.3758E 01
FU( 30)= 0.4832E-00 RO = 0.3749E 01
FC( 31) = 0.4832E-00 RO= 0.3739E 01
FC( 32)= 0.4b33E-00 RC= 0.3729E 01
FO( 33) = 0.4833E-00 RO= 0.3719k 01
FC( 34)= 0.4833E-00 RC= 0.3708E 01
FOC 35)= 0.4833E-00 RD= 0.3696k 01
FCC 36)= 0.4834E-00 R0= 0.3685E 01
FO 37)= 0.4834E-00 RO= 0.3672E 01
FU( 38) = 0.4b341--00 RO= 0.3659E 01
FOC 39)= 0.4835L-00 RC= 0.3646E 01
FC( 40)= 0.4d35E-O0 RO= 0.3632E 01
FO( 41)= 0.4836E-00 R0= 0.3617E 01
FU( 42)= 0.4836E-00 RO= 0.3602E 01
FC( 43)= 0.4837E-00 RO= 0.3586E 01
FCC 44)= 0.4b37E-O0 RO= 0.3570E 01
FG( 45)= 0.4838E-00 RO= 0.3553E 0l
FO( 46)= 0.4638E-00 RO= 0.3535E 01
FC 47)= 0.4639L-00 RiO= 0.3516C 01
FC( 48)= 0.4840E-00 RD= 0.3496E 01
FP( 49)= 0.4d41E-00 RO= 0.3476E 01
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OPTIMUMLi iARS H-TiZAJECTORY FOR ORBITAL RAN(,E = 1.1 TO 6.1

FC( 50)= 0.4841E-00 RO= 0.3455E 01
FC( 51)= 0.4842E-00 RD= 0.3432E 01
FC( 52)= 0.4643E-00 RO= 0.3409E 01
FO( 53)= 0.4844E-00 RD= 0.3385E 01
FO( 54) = 0.4b46E-00 RO= 0.3359E 01
FC( 55)= 0.4847E-00 RO= 0.3333E 01
FC( 56)= 0.4848E-00 RD= 0.3305E 01
FUC 57)= 0.4650E-00 RO= 0.3276E 01
FO 58)= 0.4852E-00 RD= 0.3246E 01
FMC 59)= 0.4853E-00 RO= 0.3215E 01
FO( 60)= 0.4855E-0O RO= 0.3182E 01
FOC 61)= 0.4858E-00 RO= 0.3148E 01
FCC 62)= 0.4860E-00 RO= 0.3112E 01
FCC 63)= 0.4863E-00 RO= 0.3074E 01
FUC 64)= 0.4866E-00 RD= 0.3035E 01
FO( 65)= 0.4869E-00 RD= 0.2995E 01
F( 66)= 0.4873E-00 RO= 0.2952E 01
FC( 67)= 0.4877E-00 RD= 0.2908E 01
FOC 68)= 0.4881E-00 RO= 0.2861E 01
FO( 691= 0.4886E-00 RO= 0.2813E 01
F6C 70) = 0.4891E-00 RO= 0.2763E 01
F0( 71)= 0.4898E-00 Rfl= 0.2710E 01
FO( 72)= 0.4904E-00 R0= 0.2655E 01
FO 73)= 0.4912E-00 RO= 0.2598E 01
FO( 74)= 0.4921E-00 R0= 0.2539E 01
FC( 75)= 0.4930E-00 RC= 0.2476E 01
FC( 76)= 0.4941E-00 RO= 0.2412E 01
FO( 77)= 0.4954E-00 RD= 0.2344E 01
FC( 78)= 0.4968E-00 RO= 0.2274E 01
FC( 79)= 0.4984E-00 RO= 0.2201E 01
FO( 80)= 0.5002C 00 RO= 0.2125E 01
FO( 81)= 0.5023L 00 R[= 0.2046E 01
FO 82)= 0.5047E 00 RO= 0.1964E 01
FC( 83)= 0.5075E 00 RO= 0.1879E 01
FU( 84)= 0.5108L 00 RO= 0.1791E 01
FU( 85)= 0.5146L 00 RO= 0.1700E 01
FCC 86)= 0.5191L G0 RO= 0.1605E Cl
FL( 87)= 0.5244k 00 RU= 0.1508E 01
FC( 86)= 0.5307t 00 RO= 0.1407E 01
FU( 89)= 0.5384E 00 RO= 0.1304E 01
FC( 90)= 0.5477C 00 RO= 0.1197L 01
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GA/PHYS/63-5,6

OPTMrI"Ul 1NARS A-TRAJECTuIlY FOR Or.BITAL RANGE = 1.1 To 6.1

CORRECTION RADII -- INNER AND OUTER EIMUOlRS
R FIt VR H

2 0.ll0t 01 0.1540E 01 0.2305[ 01 0.2536C 01
3 0.1166E 01 0.1261L 01 0.2283L 01 0.2547L- 01
4 0.1235E 01 0.1136L 01 0.22621 01 0.2552t 01
5 0.1309E 01 O.1042E 01 0.2242E 01 0.2557T 01
6 0.138bE 01 0.9649E 00 0.2222L 01 0.2561E 01
7 0.147t 01 0.8980L 00 0.22041 01 0.2565E 01
8 0.1559k 01 0.8388t 00 0.21861. 01 0.25691. 01
9 0.1652E 01 0.7856L 00 0.2170E 01 0.2573F 01

10 0.175hE 01 0.7373E 00 0.2154E 01 U.Z576E 01
11 0.1855E 01 0.6929E 00 0.2139c 01 0.2580E 01
12 0.1966E 01 0.6520E 00 0.2125E 01 0.2584F 01
13 0.2084E 01 0.6141E 00 0.21111 01 0.2588L 01
14 0.2206E 01 0.5788E 00 0.2098E 01 0.2593E 01
i u U.2340E 01 0.5459- 00 0.208ot 01 0.2 5 9 7 L 01
16 0.24fluE 01 0.5151t Cu 6.2074t 01 0.2602E 01
17 0.2629E 01 0.4863E-00 0.2C63i: 01 0.26U6L 01
I b .2786E 01 0.4592L--00 0.2053E Gl 0.2611t 01
19 0.295-"E 01 0.4 3 3 7 L-O0 0.2043,' 01 0.2617u 01
20 0.3129E dl 0.40971-00 0.2034L 01 U.2622' 0 1
21 L.331bE 01 0.3b71[-00 0.20251 01 0.2628' 01
22 <..3514E 01 0.3658E-00 0.2016[- 01 0.26341 01

3 7).3725r -1 0.3457m1-00 n.200 8L 01 0.2 6 4 0 C 01
24 0.3947b 01 0.3267L1-00 0.2001 01 G.2647L 01
25 0.41b3E Ul 0.3088E-0C 0.1994L 01 -.26541 01
26 0.4415 01 0. 219 -'0 0.19871 01 0.2661t 01
27 0.4699L 01 0.2159t-00 0.1981L 01 0.2669L' 01
?o 0.4979h Gl 0.26c8(-00 0.1974[ 01 0.2671L 01
29 0.5277E 01 0.2465F-00 G.1969 01 0.2686F 01
30 0.55951F 01 0.2330E-00 0.1963E 01 0.26951 01
31 0.5927E 01 0.2202E-00 0.1958E 01 3.2104, 01
32 0.6282C 01 0.2c81E-00 0.1953E 01 0.2715E 01
33 0.6651/ Cl 0.1967L-C0 0.1949( 01 ,1.2725L (1
34 0.7055E 01 .8b5BE-00 0.1944L 01 0.2737- 01
35 0.7411 0 1 0.1756L-00 0.194u1: 01 0.2749L 01l
36 0.19241 01 0. 1660E-00 0.1936L 01 0.2761L1 01
37 u.b39bE .1 0.1568E-00 0.1933E 01 0.2775F Cl
38 0.89,0C 01 0.1482E-00 0.1929F 01 0.27i9F 01
39 0.9433C 01 0.1400L-00 0.1926E 01 0.2804L 01
40 0.9997E 01 0.13231-00 0.1923E 01 0.2820e o1
41 0.1059 02 0.1249E-00 0.19201 01 0.28371: u1
42 0.1123E 02 0.1180E-00 0.1911E Ol 0.2155L 01
43 (.1190E 02 0.1115[-00 0.1914E 01 0.28741 01
44 0.1261E 02 0.1053E-00 0.1912C 01 0.2894 E 01
45 0.1336E 02 0.994(13-01 0.1910OF 01 0.2915F 01
46 0.141lo0 02 0.9396F--01 0.1907- 01 0.2938L C'
47 0.1501 C 02 0.bb74c-01 0.190tic 01 0.2962r 01
48 0.1591L (,2 u.b3 e 1-01 0.1903E 01 0.2967E 01
49 0.1666F 02 G.79151.-Cll 0.19(1IE ul 0.3C14 - 01
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01: TUl i MARS A-TRAJECTORY FOR ORBITAL RANGE = 1.1 TO 6.1

R FIR VR H
50 0.1761= 02 0.1474E-01 C.1900t 01 0.3042t 01
!l 0.1894t 02 U.7058t-01 0.189&: 01 0.3072t Ul
52 u.2C07E 02 0.6665E-01 0.189bE 01 0.3104F 01
53 0.2121C 02 0.6293E-01 0.1895E 01 0.3138C 01
54 0.22540 02 0.59420-01 0.16 9 4L ul 0.3174L 01
55 0.23691- 02 0.5610i-01 0.1892E 01 0.3211t 61
56 0.2532E 02 %.529/E-01 0.1891E 01 0.3252E (1
57 j.2663E 02 0.50C01-Ol 0.1890E 01 0.3294E 01
t8 0.2644c' 02 0.4721C-01 0.1889E 01 0.3339E 01
59 0.3014E 02 u.4457h-01 U.18880 01 0.33ti7E 01"
60 j.3194E 02 0.4208E-01 0.1687E 01 0.3431C 01
61 0.3315 02 0.3972--01 0.1886E 01 0.3491E 01
62 0.3567E 02 (.37500-01 0.1885C 01 0.3546r 01
63 0.38021 J2 0.3540E-01 0.1684E 01 0.3608E 01
64 0.4029E 02 0.3341&-01 0.1883L 01 0.3672c 01
5 '.427 L 02 0.315S-'-1 0.1882L 01 0.3739E 01

oo u.45257 02 0.29770-01 0.1882E 01 0.38110 01
67 U.479bE 02 0.2b10t-01 0.1881E 01 0.3887E 01
68 u.5083E 02 0.2652E-01 0.1880E 01 0.3968E 01
69 0.5387' 02 0.2503E-01 0.1880E 01 0.4053E 01
to 0.5109E 02 0.2363E-01 0.1879E 01 0.4143E: 01
71 0.oOSOE 02 0.2230t-01 0.1879E 01 0.4239r 01
12 0.6412a 02 0.2105E-01 0.1878E 01 0.4340t 01
73 0.6795E 02 0.1987E-01 0.1878E 01 0.4448E 01
14 0.7 2 02L 02 0.1875E-01 0.1877E 01 0.4562E 01
15 0.1632E 02 0.1770F-01 0.1877E 01 0.4683E 01
76 0.8089E 02 0.1670E-01 0.1877E 01 0.4811E 01
77 0.8572E 02 0.1576E-01 0.1876E 01 0.4946E 01
78 0.9085E 02 0.1487E-01 0.1876E 01 0.50901: 01
79 0.962dE 02 0.1404h-01 0.1876E 01 0.5243E 01
80 0.1020E 03 0.1325E-01 0.1875E 01 0.5404L- 01
81 0.1081E 03 0.1250E-01 0.1875E 01 0.5575E 01
82 0.1146E 03 0.1180E-01 0.1875E 01 0.5757E 01
83 0.1215E 03 0.1113E-01 0.1874E 01 0.5949E 01
84 0.12871 03 0.1051E-01 0.1874E 01 0.6153E 01
85 0.1364E 03 0.9916E-02 0.1874E 01 0.6368L 01
86 0.1446E 03 0.9357E-02 0.1874E 01 0.6597E 01
8? U.1532E 03 0.8630E-02 0.1873E 01 0.6840E 01
88 0.1624E 03 0.8333E-02 0.1873E 01 0.7097E 01
89 0.17210 03 0.7864E-02 0.1873E 01 0.7369E 01
90 0.1824E 03 0.7421E-02 0.1873E 01 0.7658E 01
91 0.1933E 03 0.7002E-02 0.1873E 01 0.7964E 01
92 0.2048E 03 0.6608E-02 0.1873t 01 0.8288E 01
93 0.2111E 03 0.6236E-02 0.1872E 01 0.8631E 01
94 0,2301E 03 0.5884L-02 0.1872k 01 0.8995c 01
95 0.2438E 03 0.5553E-02 0.1872E 01 0.9381E 01
96 0.2584E: 03 0.5240E-02 0.1872t 01 0.9790E 01
97 0.2739E 03 0.4944E-02 0.1872E 01 0.1022E 02
98 0.2902E 03 0.4666E-02 0.1872E 01 0.1068E 02
99 0.3076E 03 0.4403E-02 0.1872E 01 0.111L: 02
100 0.3260E 03 0.4154E-02 0.1872E 01 0.1169E 02
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GA/PHYS/63-5,6

O-TDILLAN MARS A-THAJECT.RY FOR CiE(BITAL R ANGE = i.i To 6.1

POSSIBLE ORbITAL IMPULSLS (OV/VCS)-- OUTCR ERRORS

FC[ 2)= 0.1352E 01 KO= 0.1100E 01
FC(( 3)= 0.1352E 01 RD= O.1106E 01
FO( 4)= 0.13 5 3E 01 RO: 0.1IO8E 01
FbC 5)= 0.1353E 01 RO= 0.1111E 01
FCC 6)= 0.1353h 01 RO= 0.1113E 01
FC( 7)= 0.1353E 01 RO= 0.1115E 01
FO( 8)= 0.1353E 01 RU= 0.1117E 01
FGC 9)= 0.1353E 01 RO= 0.1119E 01
FO( 10)= 0.1354h 01 RO= 0.1121E CI
FC( 11)= 0.1354E 01 RO= 0.1123E 01
FGC 12)= 0.1354L 01 RD= 0.1125E 01
FCC 13)= 0.1354E 01 RO= 0.1127E 01
FCC( 14)= 0.1354t 01 RO= 0.1130E 01
FCC 15)= 0.1354- 01 RO= 0.1132E 01
FCA 16)= 0.1355C 01 RO= 0.1134E 01
FCC 17)= 0.1355C 01 RC= 0.1137E 01
FUC lb)= 0.1355E 01 RDf= 0.1139E Ol
FGC 19)= 0.1355E 01 RO= 0.1142C 01
FO( 20)= 0.1355E 01 R= 0.1145t Ol
FO( 21)= 0.1356E 01 R0= 0.1148E 01
F{( 22)= 0.1356E 01 RD= 0.1151E 01
FC( 23)= 0.1356E 01 RO= 0.1155L 01
FU( 24)= 0.1356E 01 iW= 0.1158E 01
FO( 25)= 0.1357E 01 RD= 0.1162E 01
FMC 26)= 0.1357E L l RO= 0.1165E 01
FC( 27)= 0.1357L 01 RO= 0.1170C 01
FO C 2 o )= 0.1*358L 01 R U= 0.1174E 01
FO( 29)= 0.1358E Cl RD= 0.1178E 01
FC( 30)= 0.lI58t 0l R0= 0.1183E 01
FO( 31)= 0.1359E 01 Rf= 0.1188E 01
FCC 32)= 0.1359E 01 KO= 0.1194t 01
FC( 33)= 0.1359b 01 Rt)= 0.1199E ci
FC( 34)= 0.1360E 01 R[= 0.1205F 01
FUC 35)= 0.13b0 01 RfO= 0.1212E 01
FOC 36)= 0.1361L 01 RO= 0.1218L 01
FC( 37)= 0.1361E 1 RP= 0.1225E 01
-( 38)= 0.1362C 0l R(= 0.1233E 0l

FL( 39)= C. 1363L 01 RO= 0.1 2 4 1E 01
Fl)C 40)= 0.1363L 0l RU= U.1249E 01
FC( 41)= 0.1i64E Cl RO= 0.1258k 01
FCC 42)= 0.1364L Cl R= 0.1267E El
FU( 43)= 0.1365[ 01 kO= 0.1277C 01
FO( 44)= 0.1366E 01 RU= 0.1288E 01
FLC 45)= 0.1367E 01 Rfl= 0.1299E 01
FuC 46)= 0.1368E 01 RO= 0.1311E 01
FO( 47)= 0.1369E 01 RU= 0.13231 01
FO 46)= O.137O 01 K= 0.1337E 01
FGC 49)= 0.1371E 01 RD= 0.1351E 01

323



GA/PHYS/63-5,6

OPTINUi MARS A-TRAJECTORY FOR ORBITAL RANGE = 1.1 TO 6.1

FCC 50)= 0.1372E 01 RO= 0.1366E 01
F01 51)= 0.1373E 01 RO= 0.1382E 01
FO( 52)= 0.1314E 01 RO= 0.1398t 01
FU( 53)= 0.1375E 01 RO= 0.1416E Ul
FC 54)= 0.1377E 01 RU= 0.1435E 01
FW 55)= 0.1378[ 01 RO= 0.1455E 01
FO( 56) = 0.1380L 01 R0= 0.1476E 01
FCC 57)= 0.1381E 01 RU= 0.1499E 01
FCC 58)= 0.1383E 01 RO= 0.1522E 01
FO( 59)= 0.1385E 01 RO= 0.15481 01
FCC 60)= 0.1386t 01 RD= 0.1574E 01
FCC 61)= 0.1388E 01 R0= 0.1603E 01
FUC 62) = 0.1390E 01 R0= 0.1633E 01
FOC 63)= 0.1392E 01 RD= 0.1665E 01
FC; 64)= 0.1395E 01 RD= 0.1698E 01
FM 65)= 0.1397C 01 RO= 0.1734E 01
FUC 66)= 0.1399E 01 RD= 0.1772E 01
FCC 67)= 0.1402k 01 RD= 0.1812E 01
FO( 68)= 0.1405E 01 RO= 0.1855E 0l
FU( 69)= 0.1407t 01 RO= 0.1900E 01
F0C 70)= 0.1410E 01 RD= 0.1948E 01
ruc 71)= U.1413E 01 RO= 0.1999E 01
F0( 72)= 0.1417E 01 RO= 0.2053E 01
FC( 73)= 0.1420E 01 RO= 0.2110E 01
FCC 74)= 0.1423E 01 RO= 0.2170E 01
FMC 75)= 0.1427E 01 RO= 0.2234E 01
FU( 76)= 0.1430E 01 RO= 0.2302E 01
FC( 77)= 0.1434E 01 RO= 0.2375E 01
FOC 78)= 0.1438E 01 RO= 0.2451E 01
FO( 79)= 0.1442E 01 RD= 0.2532E 01
FOC 80) = 0.1446E 01 RO= 0.2618E 01
FG( 81)= 0.1450L 01 RO= 0.2709E 01
FUC 82)= 0.1455L 01 RO= 0.2806E 01
FCC 83)= 0.1459E 01 RU= 0.2908E U
FO( 84) = 0.1464E 01 RO= 0.3017E 01
FO( 85)= 0.1469C 01 RO= 0.3132E 01
FO( 86)= 0.1473E 01 RO= 0.3254E 01
F01 81)= 0.1478E 01 RD= 0.3383E 01
FC( 88)= 0.1483E 01 RO= 0.3520L 0l
FMC 89)= O.1',a8 L1 RO= 0.3665E 01
FO( 9L)= 0.1493L 01 RD= 0.3819E 01
FO( 91)= 0.1499L 01 R0= 0.3982L ul
FC 92) = 0.1504E 01 RD= 0.4155E 01
FC( 93)= 0.1509E 01 RC= 0.4339E 01
FOC 941= 0.1515E 01 R0= 0.4533E 01
FUC 95) = 0.1520E 01 RO= 0.4739E 01
FC( 96)= 0.1526L 01 R[= 0.4951E 01
FCC 97)= 0.1531F 01 RO= 0.5189E 01
FCC 98)= 0.1537c 01 K0= 0.5434E 01
FC( 99)= u.1543E 01 ROJ= 0.5694E 01
FJI0)= 0.1548E 01 RD= 0.5970E 01



GA/phys/63-5 ,6

COTINUM MARLS A-TRAJECTORY FOR ORBITAL RANGE = 1.1 TO0 6.1

POSSIBLE7 ORbITAL IMPULSFS (DV/VCS)-- INNER ERRORS

FC( 2)= 0.1352E 01 RO= 0.1099C 01
FO( 3)= 0.1351E 01 RO= 0.1093L 01

3M~



GA/Pb~sfS3-5, 6

Veis B-!raOctoY

Orbital Rafl5O
1.1 to 6.1
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GA/PHYS/63-5,6

OPTIMUM VENUS Ii-Th.AJECTORY FUR 01BIAL irNUE = 1. TO 6.1

CORRECTION RADII -- INNEII AND OUTER ERRORS
R FIA VR ki

2 0.6100E 01 0.1571E 01 0.6659E 00 0.40621 01
3 0.6314L 01 0.1364E 01 0.6575E 00 0.4071E 01
4 0.6535E 01 0.12786 01 0.6493t: 00 0.4074E 01
5 0.6764E 01 0.1213E 01 0.6412E 00 0.40M7E 01
6 0.7001E 01 0.1158C 01 0.6334E 00 0.4080f 01
7 0.7246b 01 0.1111E 01 0.6257E 00 0.4082L 01
8 0.7499E 01 0.1C68L 01 0.6182E 00 0.4065t- 01
9 0.7762E 01 0.1C295 01 0.6109E 00 0.4087[ 01

10 0.8034E 01 0.9929E 00 0.6037E 00 0.4089E 01
11 0.8315E 01 0.9593E 00 0.5967C 00 0.4091E 01
12 0.8607E 01 0.9278E 00 0.5898E 00 0.4093C 01
13 0.8908E 01 0.8980 00 0.5831E 00 0.4095r 01
14 0.9220E 01 0.8698L 00 0.5766E 00 0.4097C 01
15 0.9543E 01 0.8430E 00 0.5702E 00 0.4098E 01
16 0.9877E 01 0.8174E 00 0.5639E 00 0.4100E 01
17 0.1022E 02 0.7929E 00 0.5578E CO 0.4102C 01
18 0.105dE 02 0.76955 00 0.5518L 00 0.4104E 01
19 0.1095E 02 0.7469E 00 0.5460E 00 0.4106C 01
20 0.1134E 02 0.7252E 00 0.5403E 00 0.41085 01
21 0.1173E 02 0.7043E 00 0.5348E 00 0.4110E 01
22 0.1214E 02 0.6841L 00 0.5293E 00 0.4112E 01
23 0.1257E 02 0.66475 00 0.5241E 00 0.4114E 01
24 0.1301E 02 0.64585 00 0.5189E 00 0.41161: 01
25 0.1346E 02 0.6276E 00 0.5139E 00 0.4118L 01
26 0.1394E 02 0.6099E 00 0.5089E 00 0.41201 01
27 0.1442E 02 0.5928E 00 0.5041E 00 0.4123E 01
28 0.1493E 02 0.5762E 00 0.4995E-00 0.4125[ 01
29 0.1545E 02 0.5601E 00 0.4949[-00 0.4127E 01
30 0.1599E 02 0.5444E 00 0.49051-00 0.4129E 01
31 0.1655E 02 0.5292E 00 0.4861E-00 0.4132E 01
32 0.1713E 02 0.5144L 00 0.4819E-00 0.4134t 01
33 0.1773E 02 0.5001E 00 0.4778E-00 0.4137E 01
34 0.1835E 02 0.4861E-00 0.4738h-00 0.4139t 01
35 0.1900 02 0.4725E-00 0.4699E-00 0.4142E 01
36 0.1966E 02 0.4593E-00 0.4661E-00 0.4144C 01
37 0.2035E 02 0.4464E-00 0.4624E-00 0.4147C 01
38 0.2106E 02 0.4339k-00 0.45881-00 0.4150C 01
39 0.2180E 02 0.4217E-00 0.4552E-00 0.4153E 01
40 0.2256E 02 0.4099E-00 0.4516E-00 0.4156E 01
41 0.2335E 02 0.3983E-00 0.4485E-00 0.4159L 01
42 0.2417E 02 0.3870E-00 0.4452E-00 0.4162C 01
43 0.2502E 02 0.3761E-00 0.4421E-00 0.4165E 01
44 0.2590E 02 0.3654E-00 0.4390E-00 0.4168C 01
45 0.26801 02 0.3550E-00 0.4360E-00 0.4172E 01
46 0.2774E 02 0.3449E-00 0.43311-00 0.4175E 01
47 0.2871E 02 0.3350E-00 0.43031-UO 0.4179E 01
48 0.2972E 02 0.3254E-00 0.4276E-CO 0.4183k 01
49 0.3016E 02 0.3161E-00 0.4249E-00 0.4186 01



GA/Pl-YS/6"3-5 , 6

0PT-iUzM VENUS H-ThAJECTORY F(.R ORB3ITAL RANGE = 1.1 TO 6.1

R FIR VR H
50 0.3184E 02 0.3070E-00 0.4223E-00 0.4190 01
51 0.3295E 02 0.2981E-00 0.4198E-00 0.4194E 01
52 0.3411E 02 0.2895E-00 0.4173E-00 0.4199L 01
53 0.3530E 02 0.2810E-00 0.4149F-00 0.4203E 01
54 0.3654E 02 0.2729C-00 0.4126L-00 0.4207E 01
55 0.3782E 02 0.2649E-00 0.4104E-00 0.4212E 01
56 0.3914E 02 0.2571E-00 0.4082E-00 0.4217L 01
51 0.4051E 02 0.2495E-00 0.4060E-00 0.4222E 01
58 0.4193E 02 0.2422E-00 0.4040E-00 0.4227E 01
59 0.4340E 02 0.2350E-00 0.4020E-00 0.4232L 01
60 0.4492E 02 0.2281E-00 0.4000E-00 0.4237E 01
61 0.4649E 02 0.2213E-00 0.39812-00 0.4243L 01
62 0.4812E 02 0.21-47E-00 0.3963E-00 0.4249C 01
63 0.4981L 02 0.2082E-00 0.39451-00 0.4254E 01
64 0.5155E 02 0.2020E-00 0.3928E-00 0.42611 01
65 0.5335E 02 0.1959E-00 0.3911E-00 0.4267E 01
66 0.5522E 02 0.1900E-00 0.3895k-00 0.4273E 01
67 0.5716E 02 0.1843E-00 0.3879E-0 0.4280E 01
68 0.5916E 02 0.1787E-00 0.3864E-00 0.4287L 01
69 0.6123E 02 0.1732E-00 0.3849E-00 0.4294E 01
70 0.6338E 02 0.1679E-00 0.3835E-00 0.4302E 0l
71 0.6560E 02 0.1628E-00 0.3821E-00 0.4310E 01
72 0.6789E 02 0.1578E-00 0.3807L-00 0.4318E 01
73 0.7027E 02 0.1530E-00 0.3794E-00 0.4326E 01
14 0.7213E 02 0.1482E-00 0.3782E-00 0.4334E 01
75 0.7528E 02 0.1437E-00 0.3769E-00 0.4343E 01
76 0.77922 02 0.1392E-00 0.3757E-00 0.4352E 01
77 0.80642 02 0.1349L-00 0.3746E-00 0.4362E 01
78 0.8347E 02 0.1307E-00 0.3734E-00 0.43711 01
79 0.8639E 02 0.1266E-00 0.3724E-00 0.4381E 01
60 0.8942E 02 0.1227E-00 0.3713E-00 0.4392E 01
81 0.9255E 02 0.1188E-00 0.3703E-00 0.4402L 01
82 G.95792 02 0.11512-00 0.3693E-00 0.4414E 01
83 0.9915E 02 0.11156-00 0.3683E-00 0.4425E 01
84 0.1026E 03 0.1080E-00 0.3674[-00 0.4 4 37c 01
85 0.1062E 03 0.10451-00 0.3665E-00 0.4449E 01
86 0.1099E 03 0.1012E-00 0.3656E-00 0.4462E 01
87 0.1138E 03 0.9803E-01 0.3648E-00 0.4475E 01
88 0.1176E 03 0.9492E-01 0.3640E-00 0.4489E 01
89 0.1219E 03 0.9169E-01 0.3632E-00 0.45032 01
90 0.1262E 03 0.8896L-01 0.3624E-00 0.4518E 01
91 0.1306E 03 0.8612E-01 0.3617k-00 0.4533E 01
92 0.1352E 03 0.8337E-01 0.3610E-00 0.4548E 01
93 0.1399E 03 0.8070E-01 0.3603E-00 0.4565: 01
94 0.144bE 03 0.7811E-01 0.3596E-00 0.4581E 01
95 0.1499E 03 0.75592-01 0.3590E-00 0.4599E 01
96 0.1551E 03 0.7316E-01 0.3583E-00 0o46162 01
97 0.1605E 03 0.7080E-01 0.3577E-00 0.4635E 01
98 0.1662E 03 0.6851E-01 0.3571E-00 0.4654E 01
99 0.1720E 03 0.6630E-01 0.3566E-00 0.4674E 01
10 0.1780E 03 0.6415E-01 0.3560E-00 0.46952 01
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GA/PkYS/63-5,6

OPTD.UN VEi\US 11-TRAJECTORY FOR OKDITAL RANGE = 1.1 TO 6.1
POSSIBLE ORbITAL IMPULSES (DV/VCS)-- OUTER ERRORS

FG( 2)= 0.2610L-00 RU= 0.6101L 01
FC( 3)= 0.2608E-00 RO= 0.6121E 01
FO( 4)= 0.2608E-C0 Rfl= 0.6130E G1
FG( 5)= 0.260I-00 RCI= 0.6137E C
FU( 6)= 0.2601[-00 R0= 0.6144E 01
FO( 7)= 0.2606E-00 RU= 0.6149E UlI
FC( 8)= 0.2606E-00 P 0= 0.6154E 01
FUC 9)= 0.2606E-00 RO= 0.6159E 01
FU( 10)= 0.26051-00 RO= 0.6164E 01
F0C 11)= 0.2605L-00 RO= 0.6169E 01
FCC 12)= (.60bE-O0 ,= 0.6174E ul
FU( 13)= 0.2604E-00 RO= 0.6178E 01
FG( 14)= 0.2604'L--00 RO= 0.6183E 01
FO( 15)= 0.2b04E-O0 RO= 0.6188E 01
F[C 16) 0.2603E-00 P,0= 0.6192E Ol
FU( 17)= 0.2603E-00 RO= 0.6197E 01
FCC 18)= 0.2603E-00 RO= 0.6201E 0l
FU( 19)= 0.2b02E-00 RO= 0.6206E 01
FO( 20)= L.2602E-00 RO= 0.6211E 01
F0C 21)= 0.2602E-00 RO= 0.6215k 01
FCC 22)= 0.2601E-00 RO= 0.6220E 01

FCC 23)= 0.2601E-00 RO= 0.6225E 01
FO 24)= 0.2601E-00 RO= 0.6230E 01
FO( 25)= 0.2600E-00 RO= 0O.6235E 01
FO( 26)= 0.2bOOE-00 RO= 0.6240E 01
FO( 27)= 0.2bOOE-0O RO= 0.6245E 01
FCC 28)= 0.2599E-00 RO= 0.6251E 01
FCC 29)= 0.2599E-00 RO= 0.6256E 01
FGC 3U)= 0.2598-00 RO= 0.6261E 01
FO 31)= 0.25981-00 RO= 0.6267E 01
FCC 32)= 0.2598E-C0 RO 0.6273E 01
FCC 33)= 0.2597E-00 RO= 0.6279E 01
FCC 34)= 0.2597E-00 RO= 0.6285E 01
FO( 35)= 0.2596E-00 RO= 0.6291L 01
FC( 36)= 0.2596E-00 KO= 0.6298E 01
FG 37)= 0.2596E-00 RO= 0.6304E 01
FU( 38)= 0.2595E-00 KO= 0.6311L 01
FC( 39)= 0.2595E-00 RO= 0.6318E 01
FCC 40)= 0.2594E-00 KO= 0.6325E 01
FOC 41)= 0.2594E-00 RO= 0.6332E 01
FOC 42)= 0.2593E-00 RO= 0.6340E 01
FO( 43)= 0.2593E-00 RO= 0.6347E 01
F0( 44)= 0.2592E-00 RO 0.6355E 01
FC( 45}= 0.2592E-00 RO= 0.6363E 01
FO( 46)= 0.2591E-00 RO= 0.6372E 01
FO( 47)= 0.2591E-00 RO 0.6381E 0l
FO 48)= 0.2590E-00 RkO 0.6389E 01
FO 49)= 0.2589E-00 RO= 0.6399E 0l



GA/PHYS/63-5,6

OPTIMUM VENUS h-TiAJEC'TrOiZY FOR ORBITAL ,AANGE = 1.1 TO 6.1

FUC 50)= 0.2589E-00 kO= 0.6408E 01
FO( 51= 0.2588E-00 RO= 0.6418E 01
FO( 52)= 0.2588E-00 RO= 0.6428E 01
FCC 53)= 0.2587E-00 RO= 0.6438L 01
FC 54)= 0.2586E-00 RO= 0.6449E 01
FO( 55)z 0.2586E-00 RO= 0.6460E 01
FCC 56)= 0.2585E-00 RD= 0.6472E 01

FO( 57)= 0.2584E-00 RO= 0.6483L 01
FCC 5)b 0.2583L-00 RD= 0.6496E 01
FCC 59)= 0.2583E-00 RO= 0.6508E 01
FCC 60)= 0.2582E-00 Rt= 0.6521E 01

FU( 61)= 0.2581E-00 RO= 0.6535E 01
F( 62)= 0.25B0E-00 RO= 0.6549E 01
FCC 63)= 0.2579E-00 RO= 0.6563E 01
FCC 64)= 0.2578E-00 RC= 0.6578E 01
FO( 65)= 0.2577E-00 RO= 0.6593E 01
FO( 66)= 0.2576E-00 RO= 0.6609E 01
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GA/PhYS/b3-5,6

OPTINUMi VENUS H-TRAJECTORY FOR ORBITAL RANGE = 1.1 TO 6.1

POSSIBLE ORBITAL IMPULSES CDV/VCS)-- INNER ERRORS

FC( 2)= 0.2627E-00 RO= 0.6101L 01
FC( 3)= 0.2628E-00 RD= 0.6081E 01
FC( 4)= 0.2629E-00 RO= 0.6072E 01
FO( 5)= 0.2629E-00 RO= 0.6065E 01
FO( 6)= 0.2630E-00 R0= 0.6059L 01
FI( 7)= 0.2630[-00 R0= 0.6053L 0l
FO( 8)= 0.2630E-00 RU= 0.6048E 01
FO 9)= 0.2631E-00 RD= 0.6043E 01
FCC 10)= 0.2631E-00 RJ= 0.6038E 01
F0C ll)= 0.2631E-00 Rf= 0.6033E 01
FCC 12)= 0.2632E-00 RO= 0.6029E 01
FUC 13)= 0.2632E-00 RD= 0.6024E 01
FCC 14)= U.2632E-00 RO= 0.6020E 01
FO 15)= 0.2633E-00 RO= 0.6015E 01
FO 16)= 0.2633t-00 RO= O.6011E 01
FO 17)= 0.2633t-00 RO= 0.6006E 01
FOC lb)= 0.2634E-O0 RO= 0.6001E 01
FO 19)= 0.2634E-00 kf= 0.5997E 01
FCC 20)= 0.2634L-00 RO= 0.5992E 01
FCC 21)= 0.2635c-00 RO= 0.5988E 01
FOC 22)= 0.2635E-00 RO= 0.'5983E 01
FO 23)= 0.2635t-00 RO= 0.5978E 01
FO 24)= 0.2636E-00 RO= 0.5973E 01
FO 25)= 0.2636E-00 RO= 0.5968E 01
FO 26)= U.2637E-0O RO= 0.5963E 01
FCC 27)= 0.2637E-00 RO= 0.5958E 01
FCC 28)= 0.2637E-00 RD= 0.5953Z 01
FO( 29)= 0.2638E-00 KG= 0.5947E 01
FCC 30)= 0.2638E-00 RO= 0.5942E 01
FO 31)= 0.2639E-00 RO= 0.5936L 01
FCC 32) = 0.2639E-00 RO = 0.5930E 0l
FO 33)= 0.2639E-00 RO= 0.5925E 01
FCC 34)= U.2640E-00 RD= 0.5918E 01
F(.C 35)= 0.2640E-00 RO= 0.5912E 01
FCC 36)= 0.2641E-00 RO= 0.5906E 01
FCC 37)= 0.264L -00 RD= 0.5900E 01
FO( 38)= U.2042E-00 RD= 0.5893E 01
FU( 39)= 0.2642E-00 RO= 0.5886E 01
FO( 40)= 0.2643E-00 RC= 0.5879E 01
FUC 41)= 0.2643t-00 RC= 0.5872E 01
FOC 42)= 0.2644E-00 RD= 0.5864E 01
FC( 43)= 0.2645E-00 RO= 0.5857E 01
F0C 44)= 0.2645E-00 RO= 0.5849E 01
FO( 45) = 0.2646E-00 RD = 0.5841k 01
FO 46)= 0.2646E-00 RO= 0.5833C 01
FO( 47)= 0.2647k-00 RO= 0.5824E 01
FCC 48) = 0.2648E-00 RO= 0.5815E 01
FO 49)= 0.2649:-00 RC= 0.5806E 01
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GA/PhYS/63-5,6

OPTIMUM VENUS H-Ti AJECTORY FOil O13ITAL IiA.,E = 1.1 To 6.1

FU{ 50)= 0.2b49E-00 R= 0.5797L 01
FUC 51)= 0.2650C-00 RO= 0.5787E 01
FOE 52)= 0.2651E-00 RO= 0.5778E 01
FOE 53)= 0.2652E-00 KR= 0.5767E 01
FO( 54)= 0.2652E-00 Rf= 0.5757E U
FOE 55)= 0.2653E-CO RC= 0.5746E 01
FO( 56)= 0.2654E-00 R= 0.5735E 01
FOE 57)= 0.2655E-00 RO= 0.5723E 01
FU( 58)= 0.2656E-00 kO= 0.5711E 01
FUC 59)= 0.2657E-00 Rf= 0.5699E 01
FH 60)= U.2658L-00 RD= 0.5686E 01
FGC 61)= U.2659E-00 RO= 0.5673E 01
FCC 62)= 0.2660E-00 RO= 0.5660E 01
FC 63= 0.2662E-00 RO= 0.5646E 01
F 64)= 0.2663E-O0 RG= 0.5632E 01
FO 65)= 0.2664E-00 RO= 0.5617E 01
FO 66)= 0.2665E-00 R0= 0.5601E 01
FCC 67)= 0.2667E-00 RO= 0.5586E 01
FO( 68)= 0.2668E-00 kO= 0.5569E 01
FOE 69)= 0.2670E-O0 RD= 0.5552E 01
FOE 70)= 0.2671E-00 RO= 0.5535E 01
FOC 71)= 0.2673E-O0 RD= 0.5517E 01
FOC 72)= 0.2674E-00 RD= 0.5498t U1
FO( 73)= 0.2676E-00 RO= 0.5479E 01
FUC 74)= 0.2678E-00 RD= 0.5459E 01
FCC 75)= 0.2680E-00 RD= 0.5439E 01
FCC 76)= 0.2682E-00 RD= 0.5417: 01
FO 77)= 0.2684E-00 RO= 0.5395E 0l
FH 78)= 0.2686E-00 kV= 0.5373E 01
FCC 79)= 0.2688E-00 RO= 0.5349E 01
FU 80)= 0.2690E-00 RC= 0.5325E 01
FO 81) = 0.2693E-00 RC= 0.5300E 01
FO 82)= 0.2695E-00 RC= 0.5275E 01
FOC 83)= 0.2698E-00 RO= 0.5248[ 01
FUC 84)= 0.27003:-00 R= 0.5220E 01
FOC 85)= 0.2703E-00 RC= 0.5192E 01
FCC 86)= 0.2706E-00 KO= 0.5163E 01
FCC 81)= 0.2709E-00 KO= 0.5132E 01
FO 88)= 0.2713L-00 R0= 0.5101E 0l
F 89)= 0.2716E-00 RD= 0.5068E 01
FO 90)= 0.2720E-00 RO= 0.5035E 01
FOE 91)= 0.2123E-00 KO= 0.5000E 01
FCC 92)= 0.2727E-00 RU= 0.4965E 01
FO 93)= 0.2731E-00 RD= 0.4928E 01
FCC 94)= 0.2736E-00 RC= 0.4890E 01
FO 95)= 0.2740E-00 RC= 0.4851E 01
FCC 96)= 0.2745E-00 R0= 0.4810k 01
FCC 97)= 0.2750E-O0 RO= 0.4768E 01
FCC 98)= 0.2755E-00 RO= 0.4725E 01
FO 99)= 0.2761E-00 RO= 0.4680E 01
FCC100= 0.2766E-00 Rn= 0.4634L 01
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GAtPbys/63-5. 6

Venus E-frajecoryl

Orbital flAnge

i.1 to 16.1
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GA/PHYS/63-5,6

OPTIM U VENUS H-TRAJECTORY FOR OBITAL RANGE = 1.1 To 16.1

CORRECTION RADII -- OUTER EItRORS

R FIR VR H
2 0.1610E 02 0.1571E 01 0.5063E 00 0.8151E 01
3 0.1650E 02 0.1379E 01 0.5033E 00 0.8175C 01
4 0.1691E 02 0.1300E 01 0.5004E 00 0.8185L 01
5 0.1733b 02 0.1239E 01 0.4975E-00 0o8193c 01
6 0.1776E 02 0.1189Et 01 0.4947E-00 0.8200E 01
7 0.1820E 02 0.1145E 01 0.4919E-00 0,8206C 01
8 0.1865E 02 0.1105E 01 0.4892E-00 0.8212L 01
9 0.1911E 02 0.1069E 01 0.4865E-00 0.8218E 01

10 0.1959E 02 0.1035L 01 0.4839gE-00 0.8223t 01
11 0.2008E 02 0.1004E 01 0.4814E-00 0.8229E 01
12 0.2057E 02 0.9746k 00 0.4788E-00 0.8234E 01
13 0.210E 02 0.9469E 00 0.4764E-00 0.8239E 01
14 0.2161E 02 0.9206E 00 0.4740E-00 0.8244E 01
15 0.2214E 02 0.8956E 00 0.4716E-00 0.8249Z 01
16 0.2269E 02 0.8718E 00 0.4693E-O0 ').8254E 01
17 0.2326E 02 0.8489E 00 0.4670E-00 0.8259L 01
18 0.2383E 02 0.8270E 00 0.4647E-00 O.b263E 01
19 0.2443E 02 0.8060E 00 0.4626E-00 0.8268E 01
20 0.2503E 02 0.7857E 00 0.4604E-00 0.8273E 01
21 0.2565E 02 0.7661E 00 0.4583E-00 0.8278E 01
22 0.2629E 02 0.7472E 00 0.4562L-00 0.8283L: 01
23 0.2694E 02 0.7290E 00 0.45421-00 0.8288E 01
24 0.2761E 02 0.7113E 00 0.4522L-00 0.8293C 01
25 0.2830E 02 0.6942E 00 0.4503E-00 0.8298E 01
26 0.2900E 02 0.6776E 00 0.4484E-00 0.8303L 01
27 0.2972E 02 0.6615E 00 0.4465C-00 0.830dE 01
28 0.3046E 02 0.6459E 00 0.4447C-00 0.8313E 01
29 0.3121E 02 0.6307E 00 0.4429E-00 0.8318h 01
30 0.3199E 02 0.6159E 00 0.441LE-00 0.8324t 01
31 0.3278E 02 0.6015E 00 0.4394E-00 0.8329E 01
32 0.3360E 02 0.5875E 00 0.4371E-00 0.8334E 0l
33 0.3443E 02 0.5739E 00 0.4361E-00 0.8340F. 01
34 0.3529E 02 0.5607E 00 0.43451-00 0.8346E 01
35 0.3616C 02 0.5478E 00 0.4329E-00 0.8351E 01
36 0.3706E 02 0.5352E 00 0.43131-00 0.8351E 01
37 0.3798E 02 0.5229E 00 0.4298E-00 0.8363C 01
38 0.3892E 02 0.5109E 00 0.4283E-00 0.8369C 01
39 0.3989E 02 0.4992E-00 0.4269C-00 0.8375E 01
40 0.408bE 02 0.4879t-00 0.4254E-00 0.83811 0l
41 0.4189E 02 0.4767E-00 0.4240E-00 0.83881 01
42 0.4293E 02 0.4659E-00 0.4227E-00 0.8394E 01
43 0.4400E 02 0.4553E-00 0.4213E-00 0.8401E 01
44 0.4509E 02 0.4450E-00 0.4200E-00 0.8401E 01
45 0.4621E 02 0.4348E-00 0.4188L-00 0.8414: 01
46 0.4736E 02 0.4250E-00 0.4175E-CO 0.8421F 01
47 0.4853E 02 0.4153E-00 0.4163E-00 0.84282 01
48 0.4974E 02 0.4059E-00 0.4151E-00 0.8435L 01
49 0.5097E 02 0.3967E-00 0.41392-uO 0.8443E 0l



GA/PnYS/63-5,6

0P'i IiUM VENUS H-TRAJECTORY FOR ORBITAL RANGE =1.1 TO 16.1

R FIR VR H

so 0.5224b 02 0.3877E-00 0.4128E-00 0.8450E 01
51 0.5353E 02 0.3189E-00 0.4116E-00 0.8458E 01
52 0.5486E 02 O3704E-00 0.4105E-00 0.8466E 01
53 0.5622E 02 0.3620E-00 0.40941-00 0.8474E 01
54 0.5762E 02 0.3538E-00 0.4084L-00 0.8482[ 01
55 0.5905E 02 0.3457E-00 0.4074E-00 0.8490E 01

56 0.6052E 02 0.3379E-00 0.4064E-00 0.8499E 01
57 0.6202E 02 0.3302E-00 0.4054E-U0 0.8508E 01
58 0.b356E 02 0.3227E-00 0.4044E-00 0.8517L 01
59 0.6513E 02 0.3154k-00 0.4035E-00 0.8526E 01

60 0.6675E 02 0.3082E-00 0.4025E-00 0.8535E 01
61 0.6841E 02 0.3012E-00 0.4016E-00 0.8544E 01
62 0.7011E 02 0.2944E-00 0.4008E-00 0.8554E 01

63 0.7185E 02 0.2877E-00 0.3999E-00 0.8564E 01

64 0.1363E 02 0.2811E-00 0.3990E-00 0.8574[ 01

65 0.7546E 02 0.2747E-00 0.3982E-00 0.8585E 01

66 0.7733E 02 0.2685E-00 0.3974E-00 0.8595Z 01

67 0.7925E 02 0.2623E-00 0.3966L-00 0.8606E 01
68 0.6122E 02 0.2563E-00 0.3959E-00 0.8617E 01

69 0.8323E 02 0.2505E-00 0.39511-00 0.8629E 01

70 0.8530E 02 0.2448E-00 0.3944E-00 0.8640E 01

71 0.8742E 02 0.2392E-00 0.3936E-00 O.b652f 01

72 0.8959E 02 0.2337E-00 0.3929E-00 0.8665E 01

73 0.9181E 02 0.2283E-00 0.3923E-00 0.8677F 01

74 0.9409E 02 0.2231E-00 0.3916E-00 0.8690E 01

75 0.9643E 02 0.2180E-00 0.3909E-00 0.8703t 01

76 0.9882E 02 0.2130E-00 0.3903E-00 0.8716E 01

77 0.1013E 03 0.2081E-00 0.3896E-00 0.8730E 01

78 O.103bE 03 0.2033E-00 0.3890E-00 0.8744E 01

79 0.1064k 03 0.1986E-00 0.3884E-00 0.8758f 01

0 6.1090E 03 0.1940E-00 O3878E-00 0.8773E 01

81 0.1117E 03 0.1896E-00 0.3873E-00 0.8788E 01

82 0.1145E'03 0.1852E-00 0.3867E-00 0.8804E 01

b3 0.1173E 03 0.1809E-00 0.3862E-00 0.8819E Ol

b4 0.1202E 03 0.1767E-00 0.3856E-00 0.8836L 01

85 0.1232E 03 0.1726E-00 0.3851E-00 0.8852E 01

86 0.1263E 03 0.1686L-00 0.3846E-00 0.8869E 01

87 0.1294E 03 0.1647L-00 0.3641E-00 0.8886E 01

88 0.1326E 03 0.1609E-00 0.38361-UO 0.8904E 01

89 0.1359E 03 0.1572E-00 0.3831E-00 0.8922f 01

90 0.1393E 03 0.1535E-00 0.3827E-00 0.8941E 01

91 0.1428L 03 0.1500E-00 0.3822E-00 0.8960h 01

92 0.1463E 03 0.1465E-00 0.3818E-00 0.8980E 01

93 0.1499E 03 0.1431F-00 0.3813E-00 0.9000E 01

94 0.1536E 03 0.1397L-00 0.3809E-00 0.9020E 01

95 0.1515E 03 0.1365E-00 0.3805E-00 0.9041E 01

96 0.1614E 03 0.1333E-00 0.3801E-00 0.9063C 01

97 0.1654L 03 0.1302E-00 0.3797E-00 0.90851 01

98 0..1695E 03 0.1271E-00 0.3793E-00 0.9107E 01

99 0.1731E 03 0.1242t-00 0.3789E-00 0.9130E 01

100 0.1780E 03 0.1213E-00 0.3786L-00 0.9154E 01

3,5



GA/PhYS/63-5,6

OPTIMUM VENUS H-TRAJECTORY FOR ORBITAL RANGE T 1.1 TO 16.1

CORRECTION RADII INNER ERRORS
R FIR VR H

2 0,12296 02 0.1490E 01 0.5471E 00 0.6694E 01
3 0.1263E 02 0*1356E 01 0.5431E 00 0o6681E 01
4 0.129E ' 02 0.1279E 01 0.5392E 00 0.6672E 01
5 0.1334E 02 0.1219k 01 0.5353E 00 0.6666k 01
6 0.1371E 02 0.1168E 01 0.5316E 00 0.6660E 01
7 0.1409E 02 0.1123E 01 0.5279E 00 0.6654k 01
8 0.1448E 02 0o1083E 01 0.5242E 00 0.66496 01
9 0.148bE 02 0.1046E 01 0.5207E 00 0.6644E 01

10 0.1529E 02 0.1012E 01 0.5172E 00 0.6640E 01
11 0.1571E 02 0.9799E 00 0.5138E 00 0.66356 01
12 0.1615E 02 0.9500E 00 0.5104E 00 0.6631E 01
13 0.1659E 02 0.9217E 00 0.5071L 00 0.6626E 01
14 0,1705E 02 0.8949E 00 0.5039E 00 0.6622E 01
15 0.1752E 02 0.8693E 00 0.5008E 00 0.6618E 01
16 0.1801E 02 0.8449E 00 0.4977E-00 0.6613E 01
17 0.1850E 02 0.8216L 00 0.4947E-00 0.6609E 01
18 0,1902E 02 0.7992E 00 0.4918E-00 0.6605E 01
19 0.1954E 02 0.7777E 00 0.4889E-00 0.6600E 01
20 0.2008E 02 0.7570E 00 0.4861E-00 0.6596E 01
21 0.2064E 02 0.7370E 00 0o4833E-00 0.6592E 01
22 0.2121E 02 0.7177E 00 0.4806E-00 0.6587E 01
23 0,2179E 02 0.6991E 00 O4779E-00 0.6583E 01
24 0.2240E 02 0.6811E 00 0.4753E-00 0.6519E Ol
25 0.2302E 02 0.6636E 00 0.4728E-00 0.6574E 01
26 0.2365E 02 0.6467E 00 094703E-00 0.6569E 01
27 0.2431k 02 0.6303E 00 0.4679E-00 0.6565E 01
28 0.2498E 02 006144E 00 0.4655E-00 0.6560E 01
29 0.2567E 02 0.5989E 00 0.46321-00 0.6555k 01
30 0.2638E 02 0.5839E 00 0.4610k-00 0.6550E 01
31 0,2711E 02 0.5693E 00 0.4587k-00 0.6545C 01
32 0.2786E 02 0.5551E 00 0.4566C-00 0.6540E 01
33 0.2863E 02 0.5413E 00 0.4544E-00 0.6535E 01
34 0.2942E 02 0.5278E 00 0.4524E-00 0.6530k 01
35 0.3023E 02 0.5148E 00 0.4503E-00 0.6525E 01
36 0.3101k 02 0.5020E 00 0.4484E-O0 0.6519E 01
37 0.3193E 02 0.4896k-00 0.4464E-00 0.6514E 01
38 0.3281E 02 0.4775E-00 0.4445E-00 0.6508E 01
39 0.3372E 02 0.4657E-00 0.4427E-00 0.6503E 01
40 0.3465k 02 0.45426-00 0.4409E-00 0.6491 01
41 0.3561E 02 0.4430E-00 0.4391E-U0 O.6491E 01
42 0.3659E 02 0.43216-00 0.4374E-00 0.6485k 01
43 0.3761E 02 0.4215E-00 0.4357L-00 0.648E 01
44 0.3865E 02 0.41I1E-00 0.4341E-00 0.6412k Ol
45 0.3971E 02 O.4010E-O0 0,4325E-00 0.6465k O1
46 0.4081k 02 0.3911E-00 0.4309k-00 0.6459E 01
47 0.4194k 02 0,3814E-00 0.4294E-00 0.64521 01
48 0.4310E 02 0.3720E-00 0.4279E-00 0.6445E 01
49 0.4429k 02 0.3628E-O0 0.4264k-00 0.6438E 01



GA/PHYS/63-5,6

OPTIMUM VENUS H-TRAJECTORY FOR ORBITAL RANGE = 1.1 TO 16.1

R FIR VR H
50 0.4552E 02 C.3539E-00 0.4250E-00 0.6430E 01
51 0.467bE 02 0.3451E-00 0.4236E-00 0.6423E 01
52 0.4807E 02 0.3366E-00 0.4222E-00 0.6415E 01

53 0.4940E 02 0.3283E-00 0.4209E-00 0.6407E 01
54 0.5076E 02 0.3202E-00 0.4196E-00 0.6399E 01
55 0.5217E 02 0.3122E-00 0.4183E-00 0.6391E 01

56 0.5361E 02 0.3045E-00 0.4171E-00 0.6383L 01

57 0.5509E 02 0.2969E-00 0.4159E-00 0.6374E 01
58 0.5661E 02 0.2895E-00 0.4147E-00 0.6365E 0l
59 0.581bE 02 0.2823E-00 0.4136E-00 0.6356L 01
60 0.5979E 02 0.2753E-00 0.4124E-00 0.63471 01
61 0.6144E 02 0.2684E-00 0.4114E-00 0.6337E 01
62 0.6314E 02 0.2617E-00 0.4103E-00 0.6327: 01

63 0.6489E 02 0.2552E-00 0.4092E-00 0.6317E 01
64 0.6668E 02 0.2488E-00 0.4082L-00 0.6307E 01
65 0.6852E 02 O.2426E-00 0.4072E-00 0.6296E 01
66 0.7042E 02 0.23655A00 0.4063E-00 0.6285E 01
67 0.7237E 02 0.2306E-00 0.4053E-00 0.6274E 01
68 0.7431E: 02 0.2248E-00 0.4044E-00 0.6263t 01
69 0.7642E 02 0.2191E-00 0.4035E-00 0.6251E 01
70 0.7854E 02 0.2136E-00 0.4027E-00 0.6239k 01

71 0.8O7IE 02 0.2082E-00 0.40185-00 0.6227L 01
72 0.8294E 02 0.20301-00 0.4010E-00 0.6214L 01
13 0.8523E 02 0.19781-00 0.4002E-00 0.6201E 01
74 0.8759E 02 0.1928E-00 0.3994E-00 0.6188E 01

75 0.9001E 02 0.1879[-00 0.3986E-00 0.6174: 01
76 0.9250E 02 0.1832E-00 0.3978E-00 0.6160E 01

77 0.9506E 02 0.1785E-00 0.3971E-00 0.6145E 01
78 0.9769E 02 0.1740E-00 0.3964E-00 0.6131E 01
79 0.1004E 03 0.1696E-00 0.3957E-00 0.6115E 01
80 0.I032E 03 0.1652[-00 0.3950E-00 0.6100C 01
81 0.1060E 03 0.1610E-00 0.3944E-00 0.6084E 01

82 0.1089E 03 0.1569E-00 0.3937E-00 0.6067E 01
83 0.1120E 03 0.1529L-00 0.3931E-00 0.6050E 01
84 0.1151E 03 0.1490E-00 0.3925E-00 0.6033E 01
85 0.1182E 03 0.1452F-00 0.3919E-00 0.6015E 01

86 0.1215E 03 0.1415E-00 0.3913E-00 0.5997h 01

87 0.1249E 03 0.1378E-00 0.3907C-00 0.59781 01
88 0.1283E 03 0.1343L-00 0.3902E-00 0.5958E 01
89 0.1319E 03 0.1308E-00 0.3897E-00 0.5939E 01
90 0.1355E 03 0.1275E-00 0.3891E-00 0.5918E 01
91 0.1393E 03 0.1242E-00 0.3886E-00 0.5891C 01

92 0.1431E 03 0.1210E-O0 0.3881E-00 0.5876E 01

93 0.1471E 03 0.1179E-00 0.3876E-00 0.5853L 01

94 0.1511E 03 0.1148E-00 0.3872E-00 0.5831E 01

95 0.1553E 03 0.1118E-O0 0.3867E-00 0.5807E 01

96 0.1596E 03 0o.0905-00 0*3863E-00 0.5783E 01
97 0.1640E 03 0.l061E-00 0.3858E-00 0.5759E 01
98 0.1686E 03 0.10341-00 0.3854E-00 0.5734E 01

99 0.1732E 03 0.1007E-00 0.38501-00 0.5708E 01

100 0.1780E 03 0.9808E-01 0.3846E-00 0.5681E 01

337



GA/PHYS/63-5,6

OPTIMUN VENUS ki-TRAJECTORY FOR ORBITAL RANGE = 1.1 TO 16.1

POSSIBLE ORBITAL IMPULSES (DV/VCS)-- OUTFR ERRORS

FO( 2)= 0.2570E-00 RO= 0.1610E 02
F( 3)= 0.2570E-00 RC= 0.1616E 02
FCC 4)= 0.2570E-00 RO= 0.1619E 02
FO( 5)= 0.2571E-00 RO= O.I621E 02
FO( 6)= 0.2571E-00 RO= 0.1623E 02
FCC 7)= 0.2571E-00 RO= 0.1625E 02
FO( 8)= 0.2571L-00 RD= 0.1626C 02
FOC 9)= 0.2571E-00 RO= 0.1628E 02
FU( 10)= 0.2571E-00 RO= 0.1629E 02
FCC ll)= 0.2571E-00 RO= 0.1630E 02
FO 12)= 0.2571E-00 RD= 0.1632E 02
FO 13)= 0.2571E-00 RO= 0.1633E 02
FO( 14)= 0.2571E-00 Rfn= 0.1634E 02
FO( 15)= 0.2571E-00 RO= 0.1636E 02
FO( 16)= 0.2571E-00 RO= 0.1637E 02
FCC 17)= 0.2571E-00 RO= 0.1638E 02
FC( 18)= 0.2571E-00 RO= 0.1639E 02
F0( 19)= 0.2571E-00 RO= 0.1641E 02
FO( 20)= 0.2571E-00 RO= 0.1642E 02
FO( 21)= 0.2571E-00 RD= 0.1643E 02
FGC 22)= 0.2571E-00 RO= 0.1644E 02
FC( 23)= 0.2511E-00 RO= 0.1646E 02
FO( 24)= 0.2571E-00 RO= 0.1647C 02
FO( 25)= 0.2571E-00 RD= 0.1648E 02
FCC 26)= 0.2571E-00 RD= 0.1650E 02
FC( 27)= 0.2571E-00 RC= 0.1651E 02
FO( 28)= 0.2571E-00 RO= 0.1652E 02
FU( 29)= 0.2571L-00 RO= 0.1654E 02
FO( 30)z 0.2571E-00 RD= 0.1655E 02
FO( 31)= 0.2571E-00 RO= 0.1657E 02
FO( 32)= 0.2571E-00 RO= 0.1658E 02
FC( 33)= 0.2571E-00 RO= 0.1659E 02
FO( 34)= 0.2571E-00 RO= 0.1661E 02
FO( 35)= 0.2571E-00 RO= 0.1662E 02
FO( 36)= 0.257LE-00 RO= 0.1664E 02
FO( 37)= 0.2571E-00 RO= 0.1665E 02
FO( 38)= 0.2571E-00 RO= 0.1667E 02
FC( 39)= 0.2571E-00 RO= 0.1669E 02
FO( 40)= 0.2571E-00 RO= 0.1670E 02
FO( 41)= 0.2571E-00 RO= 0.1672E 02
FC( 42)= 0.2571E-00 RO= 0.1674E 02
FC( 43)= 0.2571E-00 RO= 0.1675E 02
FO( 44)= 0.2571E-00 RO= 0.1677E 02
FC( 45)= 0.2571E-00 RO= 0.1679E 02
FO( 46)= 0.2571E-00 ROs 0.1681E 02
FC( 47)= 0.2572E-00 ROm 0.1682E 02
FOC 48)= 0.2572E-00 RD= 0.1684E 02
FO 49)= 0.2572E-00 RO= 0.1686E 02
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GA/PHYS/63-5,6

OPTIMUli VENUS h-TRAJECTORY FOR ORBITAL RANGE =1.1 TO 16.1

FO( 50)z 0.2572E-00 RD= 0.1688E 02
FC( 51)= 0.2572E-00 R0= 0.1690E 02
FU( 52)= 0.2572E-00 R0= 0.1692E 02
FU( 53)= 0.2572E-00 RO= 0.1694E 02
FCC 54)= 0.2572E-00 RO= 0.1697E 02
FC( 55)= 0.2572E-00 RO= 0.1699E 02
FO( 56)= 0.2572E-00 R= 0.I701E 02
FC( 57)= 0.2572E-G0 RO= 0.1703E 02
FO( 58)= 0.2572E-00 RD= 0.1706E 02
FO( 59)= 0.2572E-00 RO= 0.1708E 02
FO( 60)= 0.2572E-00 RO= 0.17101 02
FO( 61)= 0.2572E-00 RO= 0.1713E 02
FU( 62)= 0.2572E-00 KO= 0.1715E 02
FO( 63)= 0.2572E-00 RO= 0.1718E 02
F0( 64)= 0.2572E-00 RO= 0.1721E 02
FC( 65)= 0.2572E-00 RO= 0.1723E 02
FG( 66)= 0.2572E-00 R0= 0.1726E 02
FC( 67)= 0.2573E-00 R0= 0.1729E 02
FUC 68)= 0.2573E-00 RO= 0.1732E 02
FG( 69)= 0.2573E-00 R0= 0.1735E 02
FC( 70) =...2.! 73E-O0 R= 0.1738E 02
FU( 71)= 0.2573h-00 KO= 0.1741E 02
FCC 72)= 0.257h-00 RO= 0.1744E 02
FC( 73)= 0.2573E-00 R0= 0.1748E 02
FC( 74)= 0.2573E-00 RO= 0.1751E 02
FU( 75)= 0.2573E-00 R0= 0.1754E 02
FO( 76)= 0.2573E-00 RO= 0.1758E 02
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OTINUM VENUS H-TRAJECTORY FOR ORBITAL RANGE =1.1 TO 16.1

POSSIBLE ORBIIAL IMPULSES (OV/VCS)-- INNER ERRORS

I-CC 2)= 0.262UE-00 RD= 0.1221E 02
FO( 3)z 0.620E-00 R= 0.1218E 02
FCC 4)- 0.2620E"-00 Rfl 0.1216E 02

FO( 5)- 0.2620--00 RO= O.1214C 02
FOC 6)u 0.2620E-00 KOs 0.1213E 02
FO( 7)z 0.2620E-00 RO= U.1211E 02
FUC 8)z 0.2620E-00 RO= 0.1210E 02
FCI 9)= 0.2620E-00 RU= 0.1209[ 02
F0C 10)= 0.2620E-00 RD= 0.1208C U2
FUC Il)= 0.2620E-00 RO= 0.1207E 02
FU( 12)= 0.2620E-00 R!= 0.1205E 02
FO( 13)= 0.2621C-00 RO= 0.1204E 02
FOC i4)= U.2621t-00 RO= 0.1203E U2
FO( 15)= 0.2621E;-00 RO= 0.1202L- )2
FO 16)= 0.2621F-00 R)= 0.1201E 02
FOC 1?)= 0.2621L-00 kO= O.120OE 02
FU( lb)= 0.2621E-00 RO= 0.I199E 02
FG( 19)= 0.2b2E-O0 R0= 0.1198L 02
FCC 20)= 0.2b21E-00 RO= 0.1197E 02
F0( 21)= 0.2621E-00 RO= 0.1196E 02
FC( 22)= 0.2621E-00 RO= 0.1195E 02
FC( 23)= 0.2621E-00 RD= 0.1193E 02
F( 24)= 0.2621E-00 RO= 0.1192E 02
FO( 25)= 0.2621E-00 RO= 0.1191E 02
FO( 26)= 0.2621E-00 RO= 0.1190E 02
FC( 21)= 0.2621E-00 RO= 0.1189E 02
FC( 28)= 0.2622E-00 RO= 0.1188E 02
FCC 29)= 0.2622E-00 RO= 0.1187E 02
FC( 30)= 0.2622E-00 RO= 0.1185b 02
FCC 31)= 0.2622E-00 RC= U.1184E 02
FCC 32)= 0.2622E-00 RO= 0.1183b 02
FO( 33)= 0.2622:-00 RO= 0.1182E 02
FO( 34)= 0.2622E-00 RO= 0.1180E 02
FCC 35)= 0.2622E-00 KO= 0.1179E 02
FUC 36)= 0.2622E-00 RO= 0.1178E 02
FCC 37)= 0.2622E-00 RO= 0.1176: 02
FO 38)= 0.2622E-00 RO= 0.1175E 02
FLCC 39)= 0.2622E-00 RO= 0.1173E 02
FO( 40)= 0.2623E-O0 KO= 0.1172E 02
FCC 41)= 0.26231-00 KO: 0.1170E 02
F0C 42)= 0.2623E-00 ROz 0.1169t 02
Fo 43)= 0.2623E-00 RD= 0.1167E 02
FU( 44)= 0.2623E-00 RO= 0.1166E 02
FO( 451 = 0.2623L-00 KO= 0.1164E 02
F( 46)= 0.2623E-00 RC= 0.1162E 02
FO( 47)= 0.2623E-00 RO: 0.1161E 02
FC( 48)z 0.2623E-0O0 R= 0.1159L 02
FU( 49)= 0.2624E-00 RO= 0.1157E 02

3%0



GA/PIIYS/63-5,6

OPTIJ.,rM VENUS H-TRAJECTORY FOR ORBITAL RANGE =1.1 TO 16.1

FC( 50)= 0.2624E-00 RO= 0.1155E 02
F(C 51)= 0.2624E.-0O RD= 0.1154E 02
FOI 52)= 0.2624E-00 RO 0.1152E 02
FL( 53)= 0.2624E-00 RO= 0.1150E 02
FO( 54)= 0.2624E-00 RO= 0.1148E 02
FCC 55)= 0.2624E-00 RO= 0.1146E 02
FU( 56)= 0.2625E-00 RO= 0.1143E 02
FCC 51)= 0.2b25E-00 RC= O.1141E 02
FO( 58)= 0.2625E-00 RO= 0.1139C 02
F0( 59)= 0.2625E-00 RO= 0.1137E 02
FU( 60)= 0.2625E-00 RD= 0.1135E 02
FU( 61)= 0.2625E-00 RU= 0.1132b 02
FO( 62)= 0.2626E-00 RO= 0.1130E 02
FC( 63)= 0.2626t-00 RO= 0.1127E 02
FO( 64)= 0.2626E-00 RU= 0.1125E 02
FO( 65)= 0.2626E-00 RD= 0.1122E 02
FGC 66)= 0.262?E-00 RD= 0.1119E 02
FC( 67)= 0.2627E-00 RO= 0.1117E 02
FO( 68= 0.2627E-00 RC= 0.1114E 02
FC( 69)= 0.2627E-00 RO= 0.1111E 02
FO( 10)= 0.2628E-00 RO= 0.1108E 02
FG( 71)= 0.2628E-00 Rl= 0.1105E 02
FO( 72)= 0.2628C-00 RO= 0.1102t 02
FC( 73)= U.2628E-00 RO= 0.1098E 02
F0( 74)= 0.2629E-00 kR= 0.1095E 02
FO( 75)= 0.2629E-00 RO= 0.1092E 02
FU( 76)= 0.2629E-00 RO= 0.1088E 02
FC; 77)= 0.2630E-00 RD= 0.1085E 02
FC( 78)= 0.2630E-00 RO= 0.1081k 02
FO( 79)= 0.2631E-00 RO= 0.1077E 02
FO( 80)= 0.2631E-00 RO= 0.1073k 02
FKC 81)= 0.2631E-00 RO= 0.1069E 02
FCC 82)= 0.2632E-00 RO= 0.1065E 02
FC( 83)= 0.2632E-00 RO= 0.1061E 02

FU( 84)= 0.2633E-00 RO= 0.1057E 02
FO( 85)= 0.2633E-00 RO= 0.1052E 02
FC( 86)= 0.2634t-00 RD= 0.1048E 02
FO( 87)= 0.2634E-00 RO= 0.1043E 02
FO( 8b)= 0.2035L-00 RO= 0.1038E 02
FC( 89)= 0.2636E-00 RO= 0.1033E 02
FC( 90)= 0.2636E-00 RO= 0.1028E 02
FO( 91)= 0.2637E-00 RD= 0.1023E 02
FO( 92)= 0.2638E-00 RO= 0.1018L 02
F(J[ 93)= 0.2638E-00 RO= 0.1013E 02
FC( 44)= 0.2639E-00 RO= 0.1007E 02
FO( 95)= 0.2640E-00 RO= 0.100IE 02
FCC 96)= 0.2641E-00 KO= 0.9954E 01
FMC 97)= 0.2642E-00 RD= 0.9894E 01
F0( 98)= 0.2642E-00 RO= 0.9832E 01
FU( 99)= 0.2643E-00 RO= 0.9768E 01
FU(100)= 0.2644E-00 RO= 0.9703E 01
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3FUNK LIN~EAR PERTURBATICN TIHEORY--FCR THEOR. OPT. REF. TRAJ.

200C REAC INPLI TAPE 2,2C01,RIN,VIN,I
2001 FERV'AT(2E10.0),13)
3000 hRITE CUTRUT TAPE 3,3001,RINtVIN
3001 FCRPATrI1Cp47AWL1NEAR PERTLRBATICN rIECRY--THECR.OP7.REF.YRAJ.I/

f 30012 19X,4I-R/RS, 7X,11IHTIETA V (C),5X,11HTI- ETA Rt (D)
I RTE=57.29578
2 RCr.T2=1.'ilA2l'
3 VINSC=YlNa2
4 RC=2.0/VINSC

)5 XsI-1
6 EX=1.C/X
7 RP-=(R1N/RC)**EX
a RzRC
81 FACT=(2.C*VIN - R0CT2) /(VIN+ROCT2)
82 ZAzV1NSQ-2.C/RIN
9 CC 20 J=111

C MAX.VEL.PERY
901 VQSC= Zh+2.C/R
9C2 VR=SCRrFIVHSQ)
10 CSCSC=R**2*YRSQeZA/8.0
11 CCTSC=CSCSC-1.0
12 CCT=ScQRTF(CCTSQ)
13 VSCRAT= VRSC/ZA
14 CIV1ltdSCRAT*FACT + 1.0
15 CV=ATArNF(CCT/C1V1)

C MAX.CRE.RAC.PERT
16 C1V2z1.0-VS0RAT/2.0
17 CR=ATAhf(CCT/CIV2)
i8 CYI>CV*RTC
19 CRC=CR*RTC
3002 WRITE CUIPUT IAPE3v3CC3tJRCVC,CRO
3003 FCRPAT(ICX, 13,2X,3(Ell.4,5X)l

20 R= R*ROO
CALL EXIT
ENCI 1,0,C,,C C,0,1,0,0,1,0 CC ,CCv)

34~3



GA/Pbrs/63-5. 6

Progrm 10



GA/pHYS/63-5 ,6

4FUN( LP4 EAR PERrURBAI~TON THEr)RY--AT SPHE~RE CF INFLUENCE

20CC READ IN\PUTI TAPE 2,.2001,1,RIN,'.INFliIfI,GRS
2001 FnPPA1 I 5,6ElC.0)
3000 WR~ITE UUjIPj1 TAPE 3,300l9RINpVINj,,RS
3001 F11RPPATIGlX, 50HL1NEA4R PERTU*iBA1 (Q! THECiRY--AT SPF-ERE OF INFLUENCE//
30011 I0X,4H1\IN= Ell.4,3X,4IVI\J=,El.4,3x 2HG=,E I I.4,3Xp3HRS=,ElI.4'1/
30012 lqX,3I-!FI ID),1X, I1HTHETA V 10) ,5XlIHITHETA (0)1
1 RTOr=57. 29 78
1C 1 DTR=.Q [74532943
201 VC=29).i
2C2 VC f -* 3 ) .C/6. 37
203 vC.sS, z rF ( vcFEso*(;/jS
204 VI N=VlI V
205 V IN=V I',1/vCS
3 VIN( ' ='jIN**2
4 OF 0 F .~~' *1,
5 FI1=FII*G0TR
f6 FI=FII
7 U-=v[N's(.-2.0/'Z1N

C )VAX.VEL.PERT
8 00 20 J=1,1

q H=SF I *RIN*V 1,1
10 CSCSC= I * U/SF I *2
11 cflTS0J=CSC50-l.C
12 C0T=S(JRTF 'OCIS0)
13 EC=SQ0:,. (F**.2.IA+ 1 .0)
14 VCSP.=7A*( EC4 1 .() IEC-1 .0)
15 Vr=SQ!ITF VUSC)
16 VSORAI=VINSC./VLISQ
17 OIV1VS.R4T* (h-l .0) / I1 .0- 1 /VO) + 1.1L
170 nv=ATA\JF(CGT/CIVlI

C v.AX.CR.h~AD. PERT
1702 1) IV?= I .0-vS.- AT
17C3 01<=ArfANF (CCT/0 V2

191 FID =Fl *RTI',
192 IFIC:VI) 1,;3,3CC2930-02
193 (1vn I i0. 0+0vr
3002 WRITE~ OLJTPUIT TAiE3,3003,.JF1D 9OVi',0RU
3003 F0R0 ,AT(1L-X 13 ,2x 31E11.4,SX))

C) FI=FI+DFI
CALL. FXIT


